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           One quarter of the molecules in CH4II experiences a weak orientational potential of 
    octahedral symmetry. The transition at 1.09 me V is attributed to the J = 0 and J = 1 

    transition, which in zero potential would occur at 1.3 me V [30]. 

Cit(p, rtment of Chemistry, Kyoto University



 1E-11 

 

I------------------------------ I I I I I I-------------------------------------- 
CH4II 
      TUNNELING -13 4

.9 K 
400 -- 2000 

c 
E 

N300-- 500!/L Ko17r ,-I3 0• A• 
                                      000 

o -) 
U •  00 A-50012,II~ZtL 7.A°1>>r 

 

I I 1 1 1 1 I~T 
     0.18 0.12 0.06 0.00 -0.06 -0.12 -0.18 

             ENERGY TRANSFER(meV) 
     Tunneling spectrum in solid CH4 (T = 4.9 K) 

measured by incoherent neutron scattering at Q= 1.4 A-' 
(E, = 3.8 meV, AE = 42 //eV). Solid lines represent 
computer fits; the right scale refers to the elastic peak 
(open circles). 

1 (GI TUNNELING STATEI ~ 

Y 200 -I -100                                                                 1'I` 2-1                        ENERGY^I 
aI 

                               0 - 

EIy W 100 -1- 501p1244 KOf (rA.r I'`iIt~                                                                                             '.t 
               WIDTHI 

•I 

•TI/III 

        I•IL  

I C97 a ttiti 
(E) ROTATIONAL STATE 

1.5I 
I1

E-                                      I         ENERGYI{k ftc_0-' 
>I.01 
EI -` I 
>1 I 
¢°1 I 

II 
w0.5 I 1 

I 
                WIDTH II 

        5 10 IS 20 
                         TEMPERATURE (K) 

      Temperature dependence of energy and line 
width of (a) A—T tunneling transition and (b) 0-1 

 rotational transition in CH4II. The right scale in (a) 
 refers to the energy width. 

Derlarf_ment of l hems try. Kyoto University



 

I I I I  I I---------------------------------------------------------------------------------------I 

                                      Fiq.2- It 
148 —a=1.74A—Y 

     Q146 —   `°J OinslavtLCa find i• r1 
 z

o144 —— 

vI

i_   co142 —oI19-1Z bLtt -tit -
         (r) 

0 140 —— 

138—~
I^1110 

I I I I I I I I---------------------------------------------------------------------- 

           10 20 30 40 50 60 70 80 
                         TEMPERATURE (K) 

               Total cross section per methane molecule as a func-
      tion of temperature. The change in cross section at 20°K is due 

      to a phase transition in the solid. The high cross section at 4.2°K 
      arises from nuclear spin conversion. The point at 4.2°K is a 

      mean of about a hundred separate determinations so that its 
      standard error is smaller than for the rest of the data. 

    JSLh~M.‘ t-S341/.5.;-Lt-q6)CA'11) 

270 — I I I I I I_ 

250—— 

TA-
        . 

         8 b 230—_— 

                                                                                • 

                      • 

20; 
                   •••TTP 

 •• 

                     TT(I—II) .•••• 

     190I•••••••t''•~••I I I 1  10 30 50 70 90 110 

T (K) 

        Equilibrium total neutron cross section of condensed 02-doped CH, as a function of 
temperature. 

                                                      +e0,.,intentof,iie~nistIy , Kyoto University



 E-13 

if) 

I------------------------------------------------------------------------------------------------------------------------------------------------1 I I I I 

30— 

     C 

    b 200 
—— 

                                                                                 • 
•.^  

                                    A : 00 

                                                         ° • 
                                                              IN C0 

                                               • d      190   

I I I II 1  
     0.75 1.0 2.0 4.210 20 

In T(K) 

       Observed total neutron cross section as a function of temperature: A, pure CH4 (<200 ppm 
impurities); •, 02-doped CH4 (0.66 mol o); Q, 02-doped CH4, initial cooling. 

<inent of Gheritistty , Kyouo University



 gL --1. 

no iksf: a) 1\  

t ,L'a A 

~~ bL 1 t= 3 PinNv'S Avh t "7" o ~"  — 11, AfJ 

,7,11 6 fr ~ 71-i, - 3 o z" , /pi 4144-  1 f0 ) 

n a3 (11  •'° N) Iva InA~h4o) lk) loih\ci- 

v,7`z'677s3 r vtill+ 0 la~~ 121 ot63 

s') t _ / 

Az 

= gi; " j)m)' cr; —Xi) cd..0 

       ll s CN4.icei= 4,`1'13 iii- .J, O ph i "a., Cl ~, J 

E5K , ~~ Z~L~1 , I ~~7  J) k 

f Akr(I) }D*1=-- 1- 3 f) 7_ L. t kE6 

A) ,Iteat 1 ~ ~'`~~„ ~ , (3,1)4, -_ 
;a~~n~~~~~i y , Kynta university



 IT-  2 

kt 639d 1J- )1, —f ~~Z >r:   

        AR tJ 

                 ti ? +Or;~M) 2-)                       At

-1
)' 0-z , Tin, ra h 2.-,7  ` i /--D\ Z 3- = b Z" 

 n2
n 

H —- k CQ)+~Ic^r; R) 

F , 41 rez- pAt 61 RjA. or) fgp} 

   om°~ 

1 c, I 4s) itA_c~,~ . k 43 

Irk( ' ' +r~ o , t =  ri /U- m/keAdo    _ a~ 
L .-1 a 7iPN. 4-1< '1 (1 • 4.0 ̂~ , 11 ^,1 ~.S ^7 ̀7 

r (44o 

9opnrtmment of Chemistry, Kyoto University



 1[-3 

z o Ai r R ri 3 AM o) i K 41 at th y" 1,0 P g.) ./n4A-he 

T '~ a~i~ ~^~ , fog on 143 r 143)0 --7); Ieol >> ja1I, 

~rMI > Lt  o ~7  1)14 iv =lily _7 — k. Cc) h`,3- 

1), 3o 

(Q) = ( 'VII) -t- L r C rs) +- [ , (41, t, $~) ~~ S) 

(3, A a) X 571) 1„N1 oD Ala lie 1) =b ra, /77`j-,) 

at ,V, ~~~ xkPMh ;~ ~o ~~ IA 0cb 

FA b "-.)° ') 77 a 4 j d17' 410, ' a) 

~~- ̂tip — 11T 1 <I ) ~1z" ) 7 ~ /0).1 

 fw _ A-4" toy,a,„, At= eti;_c7-L 

Art < t g 0 z- /1 t 

71,eI) 9 % ~— ~~ ~ti14. Lk) .40 1,1v-  110 0 ,k4-145)3 

                                                                d) Afro ^= V wziu = 1 / kr E rr,---, rS-) (, s7~ 
fe,pautmeni , of Chemistry, Kyoto University



 7IL-4 

e c .,~ ~ a1 ~ 

   Q s 9 or) i= .43`- (7) tt, . h i i,121 3 -1 J, z. 

~ ~ o 21N- (i) E1  , 9-7  40 

n i 5 q1 6 , 1 t* ?C 2 tlit z- 17-t * `, RP 

is Na p C fo  

l"( = t z. ViDN,  A\46) 2A) -/)‘" d 3 o 4`4- 

1 Q- +a) a ap it d'r L' (,d, h,`4- a J 11-'11 d n / -  ^- i1
) 

bt Ji 211; A"  ~~~ t~, t ~ ~,_ Z 1 , 1RR4 J o ep~ , 

C16-1  UL - jJ*, 2V 11i \ -( 413 

r ) _ -+- 11 (w) —t- é Ju jtit U (w) 
E = o Dh lel-C.3.6 J 

(3,  %--1110 , ``2., B (= ) I~ 

CA-4 & . l -, r & z- (IQ o 1] < V=7-0_1 

iJ NI .ic z'' a713 Q k1 13 NC1 (c,te- f ~rc , Ci-T) t = ~1 
t"F,.irtmeEnt of r_ffenii,:ry, Kyoto University



  }D\J- m,DL6L. — —1(c( FF Cfl 

 (w)  _ [ (w) •+ (6 CvJ) 3(._?, 7) 

(s4 , 6 ~~  S I) is Si X41 z„3  Q4 — S; 43) 

— 7. s ~ ^~ c' < z r5) ), . -t -- 

(w)Y) =~ CT) 147 (w)(,),e) 

C = ~i rl 3 9 - Gi7 (j) E 12) T= 4,1 k 2"o) (_) 4,P, tB a) ,o 

4f701/4_ (w) > V6 Cw) , U7 (w) 44 •• 411, a, X i) 

Denar e{ '~ci!stry , Kyoto University



 lir- 

,~  i 

    C<:0 
M  

M fr 



 17.-1. 

, IN. CH4 fi\.- -- LX1,41 iV [.  i = 13 1A1- 6L i a) it  

Pc, s A=z m z`, )\l- 14 - (-3 a) +.1-1- -;4-V' * L Ckl ri, 

b) 
--*,, P S l. 1r: AA3 o 

        b,(2) —ko( 2r2~ I. no Z pi (T) X 
la,^=±2 z, 1. 

                                        -2 

r x < aiffI V(r,Fl )oko lz > •d(kJ ± F—,i — Eft (4.1) 

"7' j 

Ea, E : OIL ~'7,k o ` +± ~- o) e -, z )Lk'- 

o; lk : f°ifps,a).- o-) TA -> 7A, t- it, 

  i< 2w= F.° -t=—c~~--k2) — Ff - F GC = iko-- 1-1-,)-o, tai- 

, F f ; AI fL Wi, ,k o) }N-o-) 4) Its - 

kh; 'C
/, It,=`z-Fbe „T_ 

   ' no : A-Mq-44- \'. Ao 7) et---- - - i-- /A4:4? r(7-3 CKW(. 
                                                                                                 r,j f                                                                    ~~arinr=,,h,, ,;~`;, :Kyoio University



 IT-2 

    11-.,:, i-Ff : vitti.1"_ 0) A 1 q - ' l'i.S, 0 1* PA-ik 

     10,c(T) : :;_,g__-r 1= 1;11 3 A RA z".7) ii)-3- 0 0.)M 

tiLliTC-"It 14‘ (v) is , 4'ri4 k. t*1L ii 0) v4 a) a/ Ri 

                                                             ,I i(r) K) bv'Z" h3 o1''-i.ty.0, tit Tr 'e 

*IA0? rtif. Y L i)v- — TA 117- A o))4 , g-/Y-F M m < k  

^ 1 ih 1 3 ---Rert/wv:.-1d pa.c..,010-pc/LTIV --. (II ‘' ill.)T 1 4 -1,`" })-N-- g) 

k zi, , 4F±- il 1 -- i z SL :%. kt- , i%-*:) ,;1- Ol io T ,±-) 

5 A 2                            
4(r, g ) _ Y. L~Y-(r—Pr)(_94-1.)(4.-2) 

P"/I't 

( /1,(= I ,-,- 4 for  1 H > /ti.--t- fen '-2 

/\ 

_ z", raL a)-g- kg, rs, —61 , lzeyt_/? L71 t3~` 

(04-)433 .------r-A-tif ple-Th i= 1 If),- -_, -fk 2.1--,‘Ly (c /Wc -A- -i )- 'f--;11)7) ( - th 

1t-j:/ r t-i AiL i---- R4) L 0 2- v•S i ,-- „3 

  A 

  bi.k ''. k a ,fr, -÷ El 1- ,i, ( ,,-,,, .,_ -0 -1/2 j ---'-, k,,,,, ,t, ( ,A ..iii, 
 (4 3) 

Department of Chemi try , i;yoto University



 Tp-3 

b ,,A , b t,.,  r ?41 tss l* fi` 69 A.1: /13 ) 

k o z z"  CA—I40. tt t3 , 1  A 0) /1-4 iii- 

L~ p" vs E ld I h b  -pk° ,z-

 c&.--z v-c --("„ii) a 

    I—I k c,04 > p = — 0,37? x 10 014 

            ~Vvu , ~j = ~-z x 1 o 

1. 6,4,c c0, bt 1 x 10-1-2 G"m 

Inc Ci ------ 

z j t11,-AAZ , `17)1-1-  exp (t k0,r) y (A4.7-) 7`) ~~1 

                            C4,1) 

(4, 3) (4,2) 71,�41J V Cr, e) 
TMs:, .gib tnleaa: of Chi mGfry Kyoto Uokvorsity



 TT-4 

C4, I;, Al;A 13 o 

b, 
   dQE ,=ToL r ao ri (T) X 

as ~_±~ 1~ 7 

     1/2i _z X < a /1.I b ,+ r i 4:11T+1A 3 b. .1) P C ti K' Er) A, i> x 
tt µ=s 

xc~Cw+Et — E f)C~'r=2)(4.4-) 

     APIn/~ ,/ ;
Z S=z(cIT~G~~~X,.C5 \ J c= i f LZ , -.;i 0 A 7 k -7o 

  A A A A C s, 1 p]= , a,~~ =6 a r e 

(S. it) C T.1)))_S.S. i X i,) +(;ir . Ili )(4, S') 

C i 1 z4 0 -1 rd- ,ti~na a~ l/Gra 

ZF, A 44 cr  Wtiti tiv'ec( bet2m z.. A3 Z') o a)4, 

_ s =(4.4) zI  

            7An 13 MA-7\ 0') 'Lc, (4s) 1 

C!;em;.ioW. Kyoto _Ynaersity



      unrolarized e-xru, frr. Pik) > 
 (QE)/,<Lif ---N 

tiff 

                                           4 

   1/2a4-n 

 + l.~('~P+4)}1nC.<'ib~ exej~ic.11~,)1~'~' Cvflc--7                                      a(iof. Pt)I tt• > X 
       V.,µa1 

 x ( W + E - Et)(4.0 

7-b7--it C ~1v 

Tit\ 

                                                          0o 

                                         E~_ 

I( ) E;-E)5szctt exP~—~~(w+ fiiEJ) 

J (-3.5) I: ce) "Zd fr  ) 

 zX i (KeEr (t) exr i C ~ exr K. et( oxr f_i  i ~} (4,7) 

  4-37 ) 0\ -1-fA rf0K (1 ih 3 1.7\‘' 106 0 

Department of Chemistry, Kyoto University



 lP  — 

     2vat(~ar;zed 

 C0"~~(T) 1 Jt(--~wt)  ~S2dt /—2Tt1exX 
                  ;,f 

x < ~ (E Lik,v ex4–^x.Ri) (°)}(fi  > <IEexp{i~, RN(t~~)i>          Pf~` 
                                    P=1 

z4n4n              .i++~cP(cP+i)~"inc<Lip exr{-;.RV(°~}l~f>< Lfri --- i XP iBt•u\~co)1  > 
    p_1-i 

 'gl ,ZC4--d~t,1\ii~%IZ'(K) ~i~ °~ d~ 2'' d73:.k cf',7" 3o 

`7),d') 

(3, s) ti~, Z,, r. S 3 j` , 104 f 2 it  YJ-D 

i ^= In—rs If t-FIkz i 3 ! - s 3-74? 

                            (); qv); 
                          ( )f Cor-54)f (1f1r)f 

z , 03, ift^h 4-)1i\Lv - = i r 1/4 , 1 ° ̂ 4 4 nu i t, 
Department of Chen-Wry , Kyoio University



 w-7 

V --4^)(7) L\ l '~~~Pb~~~` ?I-2Z ) LJ 4Z 1'^ 

At t4.-1..c,° i z b f. - 13 k `" 3 o /1' E-14- 0 

fr , b, (3.4) t 3 fr,A , K. fir) S 1iRo =o 'U=hz 

) S.)1 k  i, fg ,^)/+30 

    4,124 k (
gt—al-E) _ --- riff) 4f exp (-1%,./f) 

                             1,f_ 60 

x < C~~)i I exP {— d K.U(.o) (V) f > < (4p) f I exr { PC .>u (W I C'~~)i > 

S X <<+r—s), I E 6cI,v exP 1-I q`, c (o)~I (ti+=s)f > <('ir-s)fl E i , N exr f L .ri,(t)) I ( ~) > x 

        < Cit,e-)t  eXr {- "x. Co) ! I ) f > < C4" )f I exP a Oc. cCt)~ I+); > 

  + I ~p~"p+l~~ 1/z 6int, < ( ) 2 I el {-1^c. ti (03 I (# f ? <C+kQ)f1exP{z0:.8l(E)fOrt); > x 

A k <C~r-r)eIEexP{— i K°1-v((')} I C fr-s) ›.<(  lir—O f I e,XP 11 K• Y"); 10[r--40z. >x 

< exP { — i K . (o)  C f i.) f > < <'~M)f I exP { i o . itt (t) } i [ ,r )~ > 

                                                    C4• f) 

 , h 42 tm 1 ?9, %_ )P v-41 3 

— —~N)<<~ ,1~(f) r,,CY)pI°p 41f ~ 'rr, fiY—C 

DEpz,, tnaeat of Chin w:, v, 'fyoto ?Jehversity



 7Jr-  g 

07.E k 0 

fix)'^~= 1~~i~ i.~ ~ g)).r L, , TO) ,1) .01 v--- JR~ o 

&x — a ut.111(0  p { ti uc , (t)'\ >T 

I° . (T) < (fin` exr {- z v. U60),}1  (t' )f > < r ri)f (exr 1K, j I C f r ),i > 
i,(4. ID) 

/nA0 ) Id s s J J •=t01 - } \ 11~~ 7 t? o 

< exrAexr=exrCR,B71 < exr CR+B)7T' 
       T- 

                e— CA,Bex? { 2 < c~ B )2> Blvr,  ION 
r.A2A2n 

exr  <A + B + 2A13 T(4.11) 

    < exr 11((0)~j exp tr(. CO 

exr eXp < ( er- 1t1(o)} I RI- .Sk(t)} _~ y 

 = _xP  coc)~ { 1 + < {of. ix(v)i Ctr, ~((t)~j > 17.) 
                                                               t6p,~ tr~2l :+l nis'[ niversity



 iv—  ? 

WCAn> -ft 

   2l 

W CRC) _ G { at. fl/,(a)  C . ~( (,t) )�C4, 13) 114T 

itga CA,i-L RI) 

W Cgc) Y i"` K2 J' i 3 v (4, 12) \ (z 113   mxr,nf,„,t. 0) 701 1 Z 

0 V\ t/J 1= 1 Oil L (o -11-0-am   at ) l , K 2 --Lk 1,4 f4 (i ) 

   11714,3_ -b\- -co vitev 1J; 9 A (1texie4 (114 o, 

lJ l .~ ~ A t) z"11  ©— I~"n b~L~1 /uc p Ot El a 

°4) at " - T 4)e bye — fal1et'' facer- — 

t T r' 

                              Kg, td 1 /D-1-(- l20,I = 0 4-my,-  ivroccA4 

pelt — Gter cf“el) r - }iv, Kz 0 ) 

lepn ie:Rt [~d ~:e5 'i~(S°~ Kyoto University



 1,0 

At At a=5, t oy ~~~_ ~z3 ~ ~, ~c~v ~Z Z~ ~~ 4-4,1 18A1" t, 

45 -'' a-kh L o 

-- (— Y K 2) pi(7)Aexr()d 
P-ti 

                                              if 

 sc 

       < .iE
1exr f—iK.r'p(o)}14></ifbexrf;K.r"t((t)lI/[;>                          N'N 

_4 A4 +{ir(ip+i)1/2/7.<1.1<1A11IE;ve{-.i~.r,,(o)}I1f><If E it4 exr ioc'r'A(t)}I~I> 

_(4,14) 

 --Z ~ 

Y= YP +Y,pC4, /4 

Z" Y) (z 3 

[epar traent of Chemistryr , Kyoto University



         cf , kir-) - , triefucai e 

      ~2 1 A2~ 

 /)Q(4 .11) 

n—~ /qr 

 Div ) =57. C-) 1 i~(4.17) 
c,*1 

,4. 0`  _°z~[~1 ?~C~~=p-Oa~L6J1°[~~=Cj0 _1lzi~C~ C4-,1~) 

a cr, -03 cl?  ~_ -~ ~tZ~~A3i4 t= 4.ets 1TIK 9 

C 4 A~~jr-1'7 z , ~ ~, - ~`~ Z~ , _ Mil  z v,. a.. 

       S— l}IZ -p`— 11;4\ o 

Department at 4iyoto `laiversity



    2  uniseA 

CJ E 
4,Qf b Ji 

dTel(.—r KZ)pA(T) x 
~~EI•q r~, 

Tsi,rf 

     4
+ 6, E4  8-X 1“(1-1,(t)/)) 1'2>  x 4 '" i ( i ' a id 4 12c,g,t Z 01+ i it *6)-4) 14'.f> <141 (Le,, 

viiri 
                                                      a n-17 

+.1,1,(4p-t-1)E(`~,1„el,I—,ik,~0J} f~fttf(e          pQ~O: t4Yr1P---1. 

 .e,A1i-X.0)1kf`l,z 

    L, Q 46 ) ft ,k 1, k'13 r%r-vvi'..- ilr i__- .,[ 
     ,f ; -4f);1-).,,.11 -Azev0 113 ilk,. 

   I M1C, IP , 4. 1-, 11,E,) A 4i ,7 i /Z 

-44 ,— rd ra , 'd, Viz') 1 5 P ,,C Z& ->:{ l- vt, -.- — f g a )t 1 cYz, , 1 z- , 

p Zei - FOi is t: + 1 a, -36) A -p. A f 3 r 

                                                             Dto artmerit of Ciumistry. Goloto University



 ir-  13 

° (...___j_____„Aga:1-w __t_p,,Trifi.4 ) 

            Ore/a cnreael, (.i Yt • rrt) 0- 5fiA.",. 1.i(_ -71) Z , Wif.. k4 

+41 . Ict  A 1 n i . I = ii ) I _ I-R ) -= , f --A - (4,2i) 
    A4.nTc~ 

114-+i~"-Fri 
11to11~o 

   ̂ 14,1t.4 •- i-i- 

  T+1= V A. (a,22) 

kiF 5 -Er 6-(44 23) 

z , %Lai kA, /1,4-1)4- U 1 147 " T= o 

    I---1- 1- i, ti -—r.1fia TY(S_~Xj'(~4) =) 
                                                                     (4,a4 

—d i --sk 
                               CIf;Tr =1 ) 

       iti —i- 

         _S-*01I-o. 

^epai-'irnent of Cliun Ryotc iJniversity



                                                   ~-14 

 A  L 

                )t- Cg, ) . C 
}1 =1 

 4I$, o ~r r (4'2S) 
r f_mti,o 

r~n`b11 
   <Eu ,~^2~fi~ii=1(~^~I,  

t AT I~ 

   eP (  µ 

      C~o~)z(4,A) 
P=I\,tI,u

/2             ,=_r ,(r)—o(Y—A)-43o ) 

                            

I r 

  LAT4z                  e,xr—)9z(T)Xbog,e 6-2,f 
T,f, rf 

,}. .2. 19 tc4 7 d  CQYI ~ { <111 I  (4* I f 1. / + < L1. 2 I f R I j- ) f 

-I- 4 b2Cr <14   Iff><4.0 AILk> 
   _-- ~                      x2 

                  ((lfII(        "IP~tiFfii)~~piwe,pEl~\4~~T/frfIkk><tl)L()LiP4,acQ,2 
                       q-os1r'-p=to~=A,-r~ 

N.,partroNK University



 7FF-1,5- 

4, v 1 eqr (( r) v, ~J ) Itt 6,_  bJ g 

l d 3 13-0— p-r., `4-1, 174 f& --1J71  5 

00 

 exp     ac. 1-14) — 4a Z ff (Kr) La ie,.,„ (>9K> rK) ) ' m (%, rr) (4,-2-5v 

7.Z ) OK, tic) , (19/4, 1' ) 13 11'rrtt Iii ' ---] ( i2 pr-tot c = 

k fi` ) (X, '1, 2) vs z vc &cK~ A 1 I1 , 11(x) 

, Q 91AfLa r" s o C K rt4 I ) z, 

itc (Ke, Yc,.c) CX1 r, )17� S„,e,,, [• 1 _; 1' 

't , (Xc, ) (,9,4, ) k. , (I°, ' rt4+)-73k , 

$ 
a eCP) 

rec~N,ft-) E Yg,M(0,4 , y~)((ri.)c4?) 
M=-,~ 

16) 
LAO 1 't\t''its ~~  (4, 2f) , (4.23) 7,4 z T ,, 341 r_ 

       4 U(tats') — zir/L . I~H~ N rM~ 

(4.3c) 

~'2p;r`,neni of e'ieraistry , Kyoto University



                                                                                        .'_y 

   1'5`o 2 urµ(4.24).ten  1) IT -1 Z"A3o=o^'P1) 

 Ids 01-M PAY'           A jifaCt 4TJ 0 t 61 M (0 1"A. (X) L, G) 1' Y1 ) rttk_ L ̀Z 

-T-c�At 

   *s3- 3 a) Yittb 41",3- 'Et* , 7, ;) 4-0 Axu, 

06, \(6,2e).6- Rt.= & , J H ti St,Z (. 7, ;) r,t 143 I , (L ̀ ?, ~) 

t-cz A-1 (gf, ft4) P.; , 43N- a) itin(= h r).3 444 ft 

   tf,~) \e, 

             o a (I)f1 

           (;4)=Ye, k (AY-) TO-4,M(1)64 39 

Apl /t5o ~~5g5 

     6.3Q
j,(KOE411.Ee  * 0 , e) ,k ,ta M ({w} (4, 32) 

Q—o —3 H=—p 

 :17 7 :11 0)tr.., 

4 

  P t N~
=1o°(P~A,~~~o~(4,33)   dQ,~-riL14174Y9,kc~~T `°;~                                        —II [\417 1C-24)               [ 

Department of Chemistry, Kyoto University



 TAT-16-2 

   4 - 7 / * (5 , ~ f ) ,b' (-z 4 r> 7°14 e) 

2 •------------ 

------------ • 1 

1 

----- >rn 

           4 

3



 7p-17 

(4, 27) rn tL 1._ =`Z to 4-7 -Ph,\I= k3' 0 3 

/' (i) 'CAL L4 ( , .Ccitt 4v arvo"I yam, ct-ct A„,Cww 

                                                     -:
(lbG~,QCa~G~~g, ~~`e.~~viatit,awc~a^~o~~,ov~, 

oil ) a/xca,1~ /ri,i.vv afacrn rt a (LLBAtiL'~GtGL.V,~wv 

                                I                                         

t ).t 

ti) <4-tiI Z Ir,,I fI of > <-.fI E ()I_r f r I +1 
r =A. 

           grr 1 iqrhAl 

    (4r) E(-2)/jr(Kr) E1I!m' (19K. ,f4.) Z~1H,,r„r (f0) E212T-) 1a'~fkr <t,l.j~kr,Hr1rr I'tt>” 
        Do0                                                               Al 

 x MAEj(sr)/\1 q, ,,..(0,,`~ic)E, A4,),1 ({P})Z z/4R)._, H k <14I t,,,,, 11-ti> 
Q=0IN=-(H= -1-k=-'1 r?A,-4,0 '-r 

(a,Ja) 

Cis() it -2 1 filic I'f > < 14 I fR 14 > 
     °°rgrr it0!4:Q r 

    (40L(-;)`atar (1(r))%Y,¢r,fNCH, efK)E flt,{/m^ (iF~)E~,f47C- o<;'' < i`4I~GpFAir -f > x 
       Qr.----00Alit=-1-4'

~M=r-9.^f~`--Qv   ~Q*a
)iA(4)  x(4-)>'ti4owT Y, ,m(L.99K) Li -0N,,,,(CO) E 2/2~Qt~u Ot CfIk.M17•i> (4.34 19 

    =00=-k H=-I:- -9. 

(:u;) <,1.; I-C-4Iitti> :Li•Ifi)cI~,`= 2 lc qtiIfAI4 > 

                             o)/2147-A(9) 

    Q 

  =.4 I O)A>zc(11Y,(H, 'fit )~M,0,~})L, 21<¢~I4 ,rtI4,>(4,34,,) 
          1,=0(1 11=41+-4 b--1. 

tiu) I 

                       r rI1~]j} ,,k1).-ty~y91may/j~/, I14z), ItVi,1 LI/0i)I`~(tii a"ice"' ,, k1)~ikt)t:JI1v) C =-,1,--11,-_,-/=_  

                                                                                                                   7 

                                                                              Kyoto University                                                                                         f~Ci:lU~ie~'If U,.i~J~r„:-t',



 110k1  0(d,  'id, )  6 

 12,1/4  o`°  '  '~  A  (i)  (di) 

                 i 0) 
2d{R}.Z` ,i,,,,,' ({RD ~N ((n) = i ~Rl~ FµeM ~yh~Yn(4,3,-a) 44-1 

), e 
rpK,Q_r    1pp'QCw~r~Vyr,Il~~+,~VK,~k)k_291;4  ;12 crKe~~~~,—12'1crMrM~T0.4 a) 

O 501 , V1) ( 44 [7, 

   2 d fir,} M ; (4P3) io ~~Q ~ o(4.1~b) 

Qsic i  
         Ix~o5~cr~~.o(4,36to 

' n 0 : 3 t Z 9,1 to lh G-  YC n ~~ t ; jtC13 l 77 C 71. 

lm.,-,J 94t ier1. of Che i try „ Kyoto UUffversity



                                                              = 1 ̀~ 

              _1/z2 2  —(1)exr (— Ye) LiG~(T) .4~4y(4}i-)~b,,~,r E (2Y+i-)/e (Kr,)-Z A x 
                  Ze.+i ,4c            

-  P' (p)ST)A41r cal <tfd ir' tE ogeLvit41I'tf><'ffIZ"rr EoQ,)z.kf,"}I~~> 
I = A ti,o ~?--Qf~ k~ °Y'¢ 

g (II)  exr C re) /  p,`(T^ 16 K  ~(4t) Cxr) z 

     *Q 

    X < Z IE n,m tf > < tff I Soc4,: 42, I ti'› 

(III) ~ f exp (—Ykz) W<2 r (T) L& l .r o (vr) 

   (Iv) I2,eT Ere)~:(T)b~,e 

 ==z, wt ii Tn 3 offs `-55-1-t$-3 

   Z (s) [iQ) I= ~ , 4- 16  ~ 1 r Ji Jt.vtp , klpz; 2vlp n~, ; ~^~ 

17_ k 1J x•13 o St? L , ylp =4 (shi4rh T ~~uk ‘7, , ( t13 

                E-1.30 ri; eit-kuu,,/t A.coZkl.j 7:1) (K)Af-le.,Z t ,f) covi 

rA-ti)  S o I = Pro /7\J-f (icy( i E,5 i q" 3.06fit, 
4 F L4-0 -0 

i'hems`, , Kyoto Jriversity



 tuvj i= 1 9a 1~J14 t = -Kr/ T VV > 

      A/+ -i(17,) Lt 
        ~fI c)=C—)C16,Zr,)AIZI(~'d,lit)C4.37)   ~rc~,ZM.I~((~~',IMf 

(r7o)— o (k1•)o ) 

 0LzC°v .411-t'. j--%~`~  A-) 1 (t) _ J-'„7 -- OL si 

                                1 4r'$(f)n't r   < +41I{a2 ,h°1hif°,sM4L+f > =H<(~~~I id'{ 0( t,k' .2 k,0 I (4,30,-~~ 

=viz, (4,21) A 14 , t' P y 5 t; .1,5 5 M 3i, 

(  114 f 

  QI(pII1~”1)(•                  /(~(20/4r       O19a,CV~,,d"~i~^,0(Kr)~',")(7-4 \{t, 0Xf/'1blptohr~' F,t, -- 16.3 ff,t      ~
~(431) 

                                                         otat;srtenii Cheliisstry , Kyoto University



 2,fFld,z    Q =E I <`~f i Z ack -1) kmI 0,4o a) 
           14=-9. 

rk=-4    .6 fQ4.(r)~n 8T1 L>.4kQQ~qJz                11''I    G4                1<11!  E()L d/k,MJIr;(4.40L) 
M=-0 qo,ti F=q,ti,o k.--I

D 

 r2rr , A*4-t'114 t- lA p\' Hots 1Z -,s- Y , 'lZ 11'41 -e,' -3 pal-p, ,=^ r ) 

64,14) SUN (4,31)X, I, N-i'v,z,'} i.') it, 0 i 11\'' t:lh;A ,~~~L-, 9z, , 

Im.tilimi. , !ti I if('  ,I1 ti- YA 14,1 '4 n")~ -, 'Z. d c, ~, l"li) „ ,,.,J.J. 4141 f,,,,,,ti., I 

ti,fi z,fr 
%'h 1 0•R, IG2 11 (4.4o -6)2` a at, k n C4,33) -e z' S"z 3.41 A 

              n$ 
7(97, a,.fq- I_I, n. (4,2:2-);z ) "''(r) ra 0 (Fati) ri r(p a,±,„t0 

z i ,h 

:`z , (4.1)1 i\ 6-o- (4.31) z(, i' ,iZ7. -t I , 611„,,,, _ 

    _ _to(4c-  
                 sr""- - ;"i(dE)d5r--er (4. 1) 

Hp,  .,iio-,,,!: rt '',:ie,,in:, ry , `;'yotr iJ iversity



 2Z 

kk z2 -   c~y~AEk -oQr.4-1-) r to~',efGIrf       s- t.,•-4ti, f 

   2r  ~.L f/,(4~ti) It (Kr) (41, rF/ , 6-C4(4 -t F; —E- ) 
CL-:o(4. it-z) 

  Al 

 - 

              --"I
~Rdl=~~b~~~ -- N~t~C~~~t) ji (Kr)< 

   6~ 1 v-c,w~~43    x~C~k~tr---~—Ef)4, 

= p r) 1406 I.-. 31-,A77._ f) 1 A. -t. ̂ a , b, r - k.,-, b n 1= it- A"T , . an 

ti)t k, 4-C( T 0 l 214: _tV 

(4, (13) v'S , C°1/ -@ i' 112 1\ T Z. f) 1 14, J * L a :,Ln t b" ' :11Li 

a 

 ,/4,~( ft(d, YVd,9 f=~.Cy-c-1)it  (~rr).ft(d, VS~)Q=, 

i.‘z f , ~,h -_ ti) it M ( `-JLC2,,,,,'V i ) L ;ii- c11 A I- ,V A 4&)•-k», 

                                                   vt r(zL)  (-49dactL_,_c1~~L.rA(,) ,ti/,,C(,' W-t--‘---E1f(4~r)f 

       020 

   2.d, 3a ~1L,d' ^0.0-,..7_,e~A, r — 1, 43' t 1 1,, 
iorT .2ri moot of Chocni!!?ry , Kyoto University



 r1F-23 
T Jet w- i  (XR,  k ((4 .33)iti, z' ' ; ̀ ,h Z ., 3 0 ) al Al  

r = A r=o r=±i 
Q 

 A0±1    k aQ
,kk ak,kk ak,k 

0 0 1/2 * * * * 

1 * * 0 1/2(3)1/2T1 —1/2(3)1/2 

 2 * * ±2 ±i 1/2(6)1/2±1 ±i 1/2(3)1/2 

 3 ±2 ±1(10)1/2/12 0 —(3)1/2/9 +1 —(2)1/2/12 

                                                          ±3 (30)1/2/36 

 4 0 —7/36 ±2 ±i(10)1/2/18 ±1—i(10)1/2/36 

   ±4 —(70)1/2/72+3 ±i(70)1/2/36 

5 * * 0—(3)1/2/36 T1 (5)1/2/12 

                          ±4 —(210)/72 ±3 (210)1/2/72 

T5 —(42)1/2/72 

                                                6 0 1/9 ±2Ti(105)1/2/72 ±1 +1(21)1/2/36 

       ±4 —(14)1/2/18 ±6 Ti(231)1/2/216 T3 ±1(210)1/2/216 

                                               ±5 ±i(154)1/2/72 

 7 t2—i 13 (7)1/2/216 0 5 (3)1/2/54T1 —(21)1/2/216 

                                                              ±6 Ti(1001)1/2/216 ±4 —(154)1/2/108  ±3 —7(7)1/2/216 

T5 —5(77)1/2/216 

                                             ±7 (143) 1/2/216 

 8 0 11/144±2 Ti(35)1/2/108 ±1 ±i 29/216 

      ±4 (154)1/2/432 ±6 Ti(429)1/2/108 T3 +i(1155)1/2/216 

     ±8 (1430)1/2/864±5 Ti(1001)1/2/216 

T7 ±1(715)1/2/216 

Department of Chemistry. Kyoto University



0 +,)-t- I-All.iLi d(IciA. 

 17ii-t- /nL(1? drk o)  A  A '1,1 r= i= , ~'~/o'A, gjtiV 

(4.4t) ,/ (4.43) s (Z) f8 L 1.1-`0 " m 5.---1,L,-- E i = rti i /p\,fi''. 

r_Q MI) 44N1 tkli 150 

r 

  o-=dQAEx(440 

E is -A- it Ia) ("2)) (4,43) 0> 0 d -- , K :k i 

si /iiidif-)Ai 0 Q 1-__ lt-11,3 -.1)-11 ? -`12.1'V- 1) 11";"4";t147'1 l'-'4'vvi 

p t ," .. - t rt ( (4.1-) o D A a) ItlaR i Ag13.. "tf cr „ ) 1 -_- 14 "1, It MN 1 .7- 

1- aiZ Iludi"J13„ 41t n ft& jcfrcr)  (= 1417) 

42 II:, i (Kr) 
2r. R 

      d(fpw.~du --F:+(Kr) 
D D 

       5If(0101X     2-1CV cIKkCKr) 

~o 
mix 

cImo+10.r     Qr`d-Cx -F-x) , (1= Kr) 
 2(I2ort(4 .u?)  rD

epartment of Chemistry, Kyoto University



 7V-25 

12 I_ _CAp -1 

(442) - e,~(~~t L 19 69 

   ,zfr)=1t, id) )  Watt 

  -`"/A rS  '9Z= , Nu- E i3hi3 T l 9 ,„Z-0 rj. Fogg 

  01.,b~~=FL,fC Tack,  pro) d7 T  

Aft 74( l ar Ott iL , d? I z 

 1 o ~it, (44z)  k),, ik , 14)11-_ 

                                                71,2,-- Fa.,:v-t Z-1-3 (1) -2() ) ro:.0 g4,0- 

3Yo~® = i/Fe #v\2 3413 

                                              2 Ai 

.01 ,Zo' 

    —30 ,0')    f 

< AL-t- Or h`-1 «11 *,'',o), T-4,3 < + ~ 
                                                         Department of Chemistry, Kyoto University



 7=2 6 

X  ,,x 4-,  4- 0 lIt rl , iffy A til 3L o 

      0 0 c~' ) -7611 00 `A i(1t L)>-r `'YS  s 11.1 rj ~11 Y 

:3L7, M , fib t   a .hizo 

                  I'1 r 

 0 _ 
     (f13X0) b'71=z313- n 

 C = A t Z ~~t ~~ ~(4 , ki ) 

A = 4A 16 1211'1 h Tv 10p Le, d ii( 

e J ^~(k) ] ,(q..±2) 

    1~r. b ,  ~ c(41 ~3) 

                   2 ciff 
                       ‘41~ , Ft~-3F~v r, 

                                                    CQ; 4) 

Department of Chemistry, Kyoto University



 /r27 

                      Azov-

     sit  

                                                        r 

     (12°).-L zR txo(x) Q— 
       (4.) 

              2(120)0) o 

aka r 

Jxz   I,_1rir)    C~o)_2c~r)2a~x(4 ,-(‘) 

                       0 cz.-fk) r2 _r(\2,.(L`    S12do)1) = ~(~1~~d0( ji  (1-) e (4, S?) 
16 —14 r 

,ail`, A , g 1-j- r, a, )-/- a, NI 49 z„ J)3 ,-) /A-t, , 0--,_ 0 F-0,—/  

rii -rm 1 14T t 1t97- - at-. )1Z. f f al 7d SN it U' n PiL 

-. (.1.-D) fC, 0 4.); 2-7 0 7-0 ,- A r1 r_ ti, ~-. a) . E6 cam-, 0 

os 11 (Q, sH) (: i, (1, (r) ( Lis)10-vwL t= t. l'‘,13. 

Ze- k .h% ft*  €,a ti) 1 C' j 1 (7 " 3 3 ,Ii-, 7"113 o Jr=, '1 

                              I i1 L 0) 31 i = Itl & L , c- 13 -At(a) 5f,r‘4_ `.? iL ;1-`i 

fi 1 'bk__, -rs 4,,/ -tI 0 II a,' , -=z-11 rAg4fikAt I-3 ,j, -0)1", 

                                           imL 4% z- uz. A 7 \-).! v, 0 

[apartment of Chemistry. Kyoto University



 

, (4,M ̀\ 4" (4.c1)-1-, 1,. t, ---.911: T1(bc) , J (to) 1)IA 

It -30 2_1-o ,1;e), -Ddr Fn < 10 , 

2'' ̂ a 4 7"11 7h D) < o -- j5 r = o ~'< o `area , (4s1)--k 

-1"(so) 11, ,z ( -g L h(-6-)4k 

-1144 th s h--f, drl 7" 3 o it 4 •-2 , 

To Cho ) ko) ~' (Ito) -2 69I~'c1Z~~1~a1~-ti h / 

T }~ ~" z ~ ~'l 7 ") o  ~ v i iI 47 3 o ,fir  ,T)z 0, h ) 

l , k £ h • ,tiv  1, ko 4P3 2}7 AIR 

(1-3 i=12 , ~h ~~ = zl,  f 0 

I~ ~ lZ ) J L c L , ~) PT J2. (itc 6) —pr Ev  t Z .Z 4 Z"~o 

A1AL i4RQ,,,,e ryaci,.~ ^a 1, 073 ,nt17- 

(xL7 la  6 1 13  ) 0 z.. = 30 ::414  ftgc J 

 Z= , T Ti --~ P-7- P f q ‘2,--eR-11rti^ rw c-`''4 I , r fi ‘ TM 7, , ) / z) 

3 U )i 1("  id )JZ (1) e''- D�,{127\4- l4/c\ 

TT 4-4  ; ft't7,-, aL /V11- Itfi tit- D, 's-e Jr, ^J0) Z 

ev,A.v-Ita pt re-4 
 Department of Chemistry, Kyoto University



 N-2,7 

6 -o-1,15 d0- o ~~ i = Eo =3.  v„ e T Z , 

JQ do, h)  = A, 4 ) ~~~, ~ vt f — (1 \I-rhiI Q6- 0) l  ~C V 21 

TAi,4 t O LF<0 n, , 

6I) 0 `C.3  ,6-v.va w ky ce t C 3 a it* I rl i a, 

  N- ,_V-rt_,K k-51-) 7—,17 2z Fp ) P2dhey 

0) -?,11o 

Department oa Chemist y , Kyoto University



 TV  35( 

          (4,(+5) t .11 V I-4't a, =a) (( F k 3 

()fit; Qivv.)  

 a.  

ZN—0.371 rib 2.Ca y £0 

D. l6 ti 10—i2 o. o 

If= C—N 4 -- j r rtz , /, 093 A r7= Mt_ kfw  Zw 

I ,,4,11)1 taksolyi r, :Z tiky) „ rig, is > D4e_ 

mw-4 ( ~eG~ ~~ _ (30 K) fk.~ 1 ) T=4,0  f , 0, 0 / 71-6 A 2- ^~~ ~ ~~ 

fv-Por, p, vo6270 Z t_ 

                                                                     nip=n~ „r CierHr;a Kyn o 9Priue~~i~~,



 'p=1 

CH4 n 7  0.) 4-413 2 4= 16 03 

i 3 elf] A (5A is t 3T)/14-11- -AL  , Tz t , 

9: It 1= 2, ° ! 1 1=  k 544/) I tl'U'\ ( ; 1M, ( 1 

                                                    z", e , i-1 1x i , lµ ^a ZC':^ 4  h-\;1 4l ffl 

s TL f S,S. 53 S4> ( er^--19 ) / -Olawti. = v1Z~  0‘,p 

I trr = n 6'1/4 1-Kr S° ) /a i in a 3 

0= aaaa>$= A;2> 1) 
Saaa>A;1> 

asaa>T+;1> 

aaa>TO;1> 

aaas>T-;1> 

Sasa>A;O> 

a13a13> 'T+;0> 

a,20>TO;0> 

assa>T-;O> 

Ssaa>E1;0> 

aaf3 >E2;0> 

sssa>271;-1> 

Ssas>T+;-1> 

Sass>TO;-1> 

asss>T-;-1> 

SSSS>A;-2> 

to:oartim.or of Chemistry , Kyoto University



 72 

So Xi ti KA m 

1 = V V Q(3.-; 2) 

fat , 37 3,i17'Tr .- V=1 i = 4-z0 AZ- 3 

        t_ , (4,22)Zbtt=utiTr$,=ML 

 If=Ali(t3) 

  1= ^13 ; )-` ,\ (P= A, o. t 2) -12 l a e -V - S !1 7„J , 

       ( )t4:1 o Ala 1_ +1 [ 7 r ~~ ~~ _ -~ , ~qe 7=C 

                                                                  -to 13 o ~7, 7c°2-- i5 O X131.14-: (J in,0 1d +t) I 7 : -ti v" 

             a 

     < I'f 0-f ( ) f I 1 F (IM)~ 

   ()(zz`+i)C`(ifiL~(zM) f , ~ ~ ) ~ 11-11U —o 

(c; ) 

,, • v-1ir) 
o ~1 , C (I+ 1 ) (( ) 

                                                   f 

                                                              cr 

0;31).- imeni-3f try , Kyoto University



 7 3 

< A II I II > — 4--c—'(s: .^) 

<T°-III,^IIA2 = J.f 1,, C6-=(7+1)      ,(TM 

 <T°- II Ia.; 0iy_r. —1                 C~= o'ti) ,=C«,7) 

Z 

                     22" (~ -—a~        —.. A_) 

                  --1 (a--a-=0) 

                 0(q.-041,) 

2 0 , ii --43.h I a 

<T H 1Q! II Tom) —((( t3-,(r)o1)=(-1,1,0),(—t,o,i),(o,—f,-1) )                                                                                                 (-C-, 0P-2 

                                  i 

                          —tz( (v, o'I,c1a)-(z)—i,o), (i3O,—L), co, i,iu ) 

/ 

 <1—'11 EA_ II> — -a0-/ IS-̂ 7) 

1, . -Z a , id. I-4 : -b•"Js 3 a 

-I
f  - T,; -+- C-_4   -r°`II IIIIA > =( —) <R II 1_0-- II as> (a' -o) -,1_) (SJo) 

1Ti_~~-t°—t1+ 
.—r II Lo._IIr> _ (—) <€11—T; II(°--> (,,—0 , -t)(t,11- ) 

(,,,-e-,=                                           "~i l- 9---7-21=,f7.., yy ii 

Tc)2II I~(IT~'~=c—=~—~"~~<T~II1_T-p~~2>(G- =1)(s-?-) 
(__-1 

~1,;0 ;-m.:, 6- , ,. ;tfp:,- pfnivel-s y



 v---4 

V 

1 

     1 1 1 
2 2 2 2 

-6 6 -6* 6* 

2 2 2-2- 

   1 1 -1 -1 
   2 2-2- 2 

S* -S* 6 -6 
  2 2 2 2 

1 1 1 1 1 1 

-1 1 -i i 0 0 

                        2                   -2- 2 2 

1 -1 
0 0 0 0—                                V2V2 

              1 -1 -i i 0 0 -
2- 2 2 2 

e* e* £ e 1 1 

e E E* £* 1 1 

             ifjJ vI 

                         1 1 1 1 
2 -2- 2 2 

-6* S* -d S 

2 2 2 2 

1 1 -1 -1 
2 -2- 2 2 

S -S -S* S* 
                         2 2 2 2 

                                                                    1 

6=exp(i7/4), e=exp(i1/3)
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V_ . rt1  

z- :11A-1, 15 iz  I4\ 11 (3, t) Z z i S  e ~1 e 

- Ijajk ,, z b i  :.1 3 1)J : e o, 1177_ raj (T 

4.1410  6i o'er- , C I, 2D`a- ILL".` D 2c( \4' a> I~*z, (~i  

 iLlti1n M  4 7= o -1'b  %ILI V— 4 (1,j 

o K L , D A -14.4� , A7--;@1) tc V) 0/45 . T = 4,1 K Z.. 7cs,17l=o 

(1.0 5,i L '4) it o bfi 6 ~~ , le fo'A z EJ*r~ti c~ 

I.1-1-z=4)`-,  i 13 Tr‘--, 9) 

j)43 0k P.m(I1 V' 1f \ 7,1a o i /E3 I~, ~(i i  

(T-z z^~ 2~ 7.171-_- a, b ,.iz-Q) I- //3 k~ 

,w ol rte`,I .3 ~~ ~t~(~ -vs (L =1 L=2 

14t =, )1I4 Au , \.1e),p1   -10 0 4 

Jw 

~z Vii, . a, Z " o 

                                                                   ~ .jdf{~ii~'11 ale L, ii m H y, Kyoto UnivCrsity



 fIq      r r ) — J f  R  (T,  K)  R  (T, H) I T' K, M > r‘, ~) 

M 

 SQL ~ 

             2T+1Vz(J)J'K` M>F Ti2) K,1'1 ({W 3)(h\ 

                                                                Z (= 1 11 /,f ; 7'125'7 7 Y1 .Z..  t-111 S~ z ,~ j; sr 

-(4)1) p 11 I~°`) T5 ~, ~i j,-  7(7, g(s, kl) 

14 TA Ti 3 a) 4, Tc f ZI-4 ,7) r) 73;) iz 

5si =i ~~ I 1 ~' ~ T~ ~ 2 < ~ m  I z"  11= 0 :2.) t7 , 

  r7L 

2 b~ L. t ,h~ r  7..J7),4  ``k ~vIL'^~ TjLa T1-3 , 4 0) 

- -co a ~k' 

    ~1-5% 6`a ki 3, 11% 644ti c ; --
0                                                                                            

yotp I4fli~J tS' I'tY



 Tr-3 

 I.-1. Ok ht.3- Ch 11- R - 0 (i 

Level Rotational Energy Rotational Degeneracy 

number quatum difference state 
         numbera 

LJE (meV)TF' /OhOh g 

9 410.360 ATTA18                                     l
u2u'2ulu 

8 39.572 T1
gTlg9 

7 39.210 T2
uT2u9 

6 37.227 T1
gT2g,TT1818 

5 25.777 E
gEg, EuEu 4 

4 35.285 A2
gTlg, T1gA2g 18 

3 23.616 T2
uT9                                           2u 

2 22.650 E
uT2u, T2uEu 12 

1 11.091 T1gTlg9 

0 00.000 Al
uAlu5 

Department of Chemistry. Kyoto University



 Tom.  II-  2. D2,4 IN- 0 i n,A' -  ' fl! ( T= 4,1 K ) 

Level Group Energy Rotational Degeneracy 

number of levels difference state 

Lc (meV) I'P'/TdD2d g 

10b6.890 A2E10 

9b6.782 T1B23 

8b6.541 T1A13 

7b6.383 T1E6 

6b6.202 T1B13 

5b6.163 EE, EE' 4 

4b6.059 T1A23 

3a0.241 f(A1) 2 

                                  1 2a0.160 T1E6 

1a0.159 T1A23 

0a0.000 A2B15 

Departiiieni of Chemistry. Kyoto University



 a 

T 'LC-3 0 k h`c-- A 0 -, Sit ill C 

Number of Rotational Molecular SpatialEigenvector 

eigenstate quantum part part 

   number-- 

nJKR(J,K) M R(J,M) anL) 

L = 0 (AluAlu/(7h0h) 

100 1 0 1 0.9480 

     bb 

24{0{alb {0{alb -0.2787 
           ±4a2±4a2 

L = 1 (TigTig/OhOh) 

110 1 0 1 0.9272 

230 -1 0 -1 -0.2506 

34±4 -i 2-1/2±4 Ti 220.1748 

L = 2 (EuT2u/OhOh) 

120 1±2 Ti 2-1/20.9480 

b 

24{0{blb±2 ±i 2-1/2-0.2358 
                     ±4 -b2 

a 10/ ip (r) CA iLL alb S.0, 3 o) 'Nilh-,, A a-kiZ,b,- 

 ba
l= ( 7/12)1f 2b1= (5/12)•         {1/2    {

a2 = (5/24)1/2b2 = (7/24)1/2 

                                                        Department of Chemistry, Kyoto University



 a 

 TA TI-4 4 AN- a) ~-w A-L v_ 0 0 ,1t . CT= 4.1 K) 

           Rotational Molecular Spatial Eigenvector 

      statepart part 

n J rr'/OhOh K R(J,K) M R(J,M)anL) 

L 0 (A2B1/TdD2d) 

1 0 Al
uAlu 0 1 0 1 0.6903 

2 3A2
gT2g±2i 2-1/2±22-1/20.6256 

    _0 ab0a1 3 4
Al

uAlu {{
2b{{-0.0612               ±4a2±4 a2 

         0 a0bb 
      17-4 4 AEU{ {1{ {10

.3464        luu
±4 a2 ±4 -b2b 

L = 1 (TiA2/TdD2d) 

1 1 T1
gTlg 01 0 1 0.5777 

2 2T2 uEu±2Ti 2-1/2±22-1/20.5518 
3 3 Ti-

gTig 0 -10 -1 0.3039 

4 3 T2-uA2u ±22-1/2±2Ti 2-1/20.3570 

5 4 T2-uEu±2 ±i 2-1/2 ±2 -2-1/2 0.1961 
6 4 Ti-

gTig±4Ti 2-1/2 ±4Ti 2-1/2 0.2785 

a- 1 41, lib „ @ 4E  a,, 13 1 � F 0 1= r61 09 r v •,,t‘ r~ \f 

   Z77, IF31V0l=36 t_ 3�-- 4 4> 44--Irk 4), y Vii, 1 

b a = (7/12)1/2,b= (5/12)1/2 , c = (5/8)1/2,1/2, d= (1/8) 1/2 
{1{1{1{1 
  a2 = (5/24)1/2b2 = (7/24)1/2c2 = (3/8)1/2d2 = (7/8)1/2 

                                                       Department of Chemistry, Kyoto University



 TJ  4 (z)-FT-7 

L = 2 (TlEl/TdD2d) 

1 1~i'-ZT+0 1-1 10.5943              l
glg 

2 2T2
uT2u±2 ~i 2-1/21 ii 0.5018 

  _3cb 3 3TlT+0 -1{ {1b-0.1470 
   gg-1c

2 

  _3-c2 4 
3TZ T_ 0 -1{{0.3502 l

g 2g-1 c
1 

 _1c 5 3T2 uTlu ±22-1~2{{2 -i 0.3654                            -3 c
1 

       —z1c 6 3T uT2u ±22-1'2{ {1-i 0.0486                                  -3 -c
2 

                                      1                                           idl

b 7 4T2-uT2ut2 ±1 2-1/2 { {1b-i 0.1736 -3 -id
2 

  _1 id 8 4T2uTl u±2 ±i 2-1/2 { {2i 0.1423                                -3 id , 1 

  _3id 
9 4T1gT2g±4~i 2-1~2 {{2-0.1212 

                                  -1 -id
1 

           _ 10 4TigTlg±4ti 2-1/2 {3{-id1 -0.1059 
-1 -id

2 

L = 3 (EAl/TdD2d) 

1 2 EUEU0 10 1-0.6042 
2 2 EuT2u ±22-1'2±2 Ti2-1/2 -0.6845 

       0 b0a 
3 4EUAl{{1{{1-0.2727       gg 

±4 -b2±4 a2 

     _UU0b1                      0b 
4 4EE{{{{10.1127        g g 

±4 -b2±4 -b2 

5 4 Eu-T2u±2 -2-1/2 ±2 ±i 2-1/2 -0.2094 

                                                       Department of Chemistry, Kyoto University
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c aG 
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_ \` -N 3;r( *4)( I' /),--tar-‘,  la-v /4g-v,  0 .)7_.a i = s ~. .f 17"a o 

IT( , -I- (a) ti (e) i s 't`t-'A L (1)(h *41.1_ " iL I. fr IT 715 

(el) pi,tav nvN-Z. ) tuk OL it- a ,11. if V..) 

h r .~ is 47\ h n',1 A: 3 17, 

'rico , z O till, h`4- (6 Al no-i

r~~~~ 9 ~~ #i< t 6r -4a L, 

04-1X11 o chiQT , 

rr- l 1J-  vv- i to s o (T I I - i ti —z-- rr  )~tt 

12. 191. is (fin --)Tf) TTEL-t zt tv,  

~L^~, 7(4. -1 (e) (f) ̂Z ~~~~;~-,,  /7-1A7 (TAT) > 

 (n--0-1/71:Ni (T--)-ff) 0Ok /4 iJ tut_ 

                                        6i:114, 

11K w0 -Yr) ( (T~--4 m }14 ')„Z44, Cif /74- I fi. -Aton, f rc.A7 
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 TE-4 

Z 11yA' o i , P l-tp III v) + 0) 

h\,;-r:- 111,7, to) -3\11 a, yip53 'h AZ v.' IS ~ ~> 

1-1 z" 4 is, , D h)-1. ice fi 

ii;/Q s') tm if/K 11 Kr <  1 17- ~~ zVI = A t r 

i=, 273A -°:iM -1'0 , Atitit6.73 

til (A-A) 1z < T^b Kr < 2 1- h'i-r J (H /a 1- ~.. 

/S  (i --e4-) IJ~, 2c * tL z"la, 

4 ~- 

                                                  17,-/(-6-f)7-11) kl < 17_ ~'~~ Z qa ~ LD 010 

                           4
j—Li z -,~^<'z~111 v,^4-)( C kr)  i . 11 ) d , 

Depar4rwrid rEi fir~6'^Si,b.il', of°s~~R~fj Unverslty



 TI - S 

a Q 

T.,yfb ----------------------------------------------------------------------------------------------- 
  0 1 2 3 4 5 67 8 

0 -- 1 0.0 0.2910 0.0 0.0083 0.0 0.0055 0.0 0.0010 0.0 

0 -> 2 0.0 0.0 0.2079 0.0 0-0104 0.0 0.0025 0.0 0.0006 

0 -> 3 0.0 0.0 0.1280 0.0 0.0027 0.0 0.0023 0.0 0.0005 

0 -3- 4 0.0 0.0 0.0 0.2607 0.0 0.0 0.0 0.0031 0.0 

0 -> 6 0.0 0.0 0.0 0.0482 0.0309 0.0088 0.0001 0.0014 0.0008 

0 -> 7 0-0 0.0 0.0251 0.0 0.0017 0.0 0.0005 0.0 0.0001 

0 -- 8 0.0 0.0036 0.0 0.0383 0.0 0.0058 0.0 0.0001 0.0 

0 - 9 0.0 0.0 0.0 0.0 0.1687 0.0 0.0081 0.0 0.0017 

1 -> 2 0.0 0.3084 0.1411 0.0454 0.0081 0.0131 0.0021 0.0020 0.0005 

1 ÷ 3 0 0 0.0848 0 0 0.0569 0.0 0.0034 0.0 0.0009 0.0 

1 ÷ 4 0.0 0.0 0.1229 0.0 0 0429 0.0 0.0072 0.0 0.0010 

1 -> 5 0.0 0.0612 0.0757 0.0061 0-0001 0.0011 0.0015 0.0003 0.0003 

1 -* 6 0.0 0.0002 0.0301 0.0859 0 0209 0 0123 0.0006 0.0014 0 0004 

1 } 7 0.0 0.0078 0.0 0.0438 0 0 0.0009 0.0 0.0009 0.0 

1 -} 8 0.0 0.0 0.0209 0.0 0.0108 0.0 0.0019 0.0 0.0002 

1 ÷ 9 0.0 0.0001 0 0 0.0856 0.0 0.0494 0.0 0.0025 0.0 

0 -> 0 1.6000 0.0 0.0 0.0 0.0140 0.0 0.0050 0.0 0.0 

1 -- 1 0.2963 0.0 0.1207 0.0 0.0066 0.0 0.0023 0.0 0.0003 

a (es3) AvliA7-3 

b f'; atr 7f_ ̂ a , `IA 'a-± is 1,) 3 tN''1, V, L i z S--, ? 'i, Z'41 z= 3, 

                                                         Department of Chemmstry Kyoto University



 -or -  6 

T ®I-2 P24 /rte- v"v) G~ ( ~~ ~~ a 4,1 *it                       b 

b --------------------------------------------------------------------------- rlf 
  0 1 2 3 4567 8 

group a } a 

A T 0.0 0.2513 0.1635 0.0399 0.0333 0.0165 0.0031 0.0007 0.0002 

T } E 0.0 0.2383 0.1796 0.0407 0.0305 0.0192 0.0032 0.0006 0.0001 

A - A 1.6000 0.0 0.0 0.2701 0.0583 0.00.0095 0.0024 0.0001 

T } T 0.2963 0.0542 0.0370 0.0621 0.0194 0.0035 0.0026 0.0006 0.0 

group a - b 

A A 0.0 0.0 0.0 0.0121 0.0002 0.00.0003 0.0004 0.0 

K 4- T 0.0 0.0167 0.0458 0.0205 0.0228 0.0222 0.0066 0 .0022 0.0011 

T , A 0.0 0.0013 0.0019 0.0002 0.0008 0.0006 0.0002 0.0 0 .0 

T T 0.0 0.0107 0.0193 0.0338 0.0229 0.0120 0.0072 0.0027 0.0007 

T - E 0.0 0.0382 0.0742 0.0374 0.0494 0.0404 0.0116 0 .0044 0.0020 

E - T 0.0 0.0470 0.0426 0.0426 0.0596 0.0390 0.0106 0.0048 0 .0026 

  A. 
01' 

b Tae, Gi -2 '247'. /12 s-1)1z   , ~ ~ t ", I 1 w - , 7'~t-7a6 

Department of Chemistry , Kyoto University



 etc-7 

a TA V1L-3  . Oti, N--7-6,) 5 Cr ~•-a i ) 0 Ake 

Q r
l,7 b -----------------------------------------------------------------------   01 2 3 4 567 8 

0 -> 4 0.0 0.0 0.0 0.3610 0.0 0.0 0.0 0.0061 0.0 

0 -> 9 0.0 0.0 0.0 0.0 0.1304 0.0 0.0158 0.0 0.0006 

1 ± 2 0.0 0.0 0.0 0.2022 0.0 0.0 0.0 0.0035 0.0 

1 -- 3 0.0 0.0 0.0 0.1848 0.0 0.0 0.0 0 0031 0.0 

1 > 4 0.0 0.0 0.0 0.0 0.0709 0 0 0 0090 0.0 0.0003 

1 -} 6 0.0 0.0 0.0 0.1876 0.0684 0 0 0.0088 0.0032 0.0003 

1 -- 7 0.0 0.0 0.0 0.0885 0.0 0.0 0.0 0.0019 0.0 

1 -> 8 0.0 0.0 0.0 0.0 0.0439 0.0 0.0070 0.0 0.0002 

1 -> 9 0.0 0.0 0.0 0.1986 0.0 0.0 0.0 0.0052 0.0 

0 4- 0 3.2000 0.0 0.0 0.0 0.0281 0.0 0.0101 0.0 0.0001 

1 -> 1 1.7778 0.0 0.0 0.0 0.0196 0.0 0.0066 0.0 0.0001 

a 

(i.4) A z'' IV- : ill-z 3 o 

6 r 13" 1 f ii ( Glie -1i= 3 l/ol,J L t,` 4. Z try -c4 7-3 

Oeipartmene_ of Chemistry , Kyoto University



 -off- 8 

Ta.,-4 DZa- Cr5(17,-9 rf )a0) Air 

Q rl,I'b --------------------------------------------------------------------------------------------------------     f 

  0 1 2 3 4567 8 

group a -> a 

A } A 3.2000 0.0 0.0 0.5402 0.1166 0.0 0.0190 0.0049 0 0003 

T , T 1.7778 0.0 0.0 0.3179 0 0711 0.0 0.0113 0.0029 0.0002 

group a -} b 

A , A 0.0 0.0 0.0 0.0241 0.0003 0.0 0.0005 0.0008 0.0 

T , T 0.0 0.0 0.0 0.1457 0.0516 0.0 0.0254 0.0089 0.0002 

a (i .4)i,7-tt AAz, , 

I, Tc~& N1-2 p's ph b' j cr') oz-, Ten 1/ ^t, CI 11- -7° a c z 2k , -2"A-----2° 6 

J 

                                                            Department of Chemistry, Kyoto University



 Tr— 9 

Taf72 ILI:EV, 2,1Z 01 i 763 4--) a i _ Pr, 3 Ak = ., 

   Symbol of FreeOhD2dHtiller's 

     levelsrotator molecule molecule approximation 

    T ior rf Jrr'/OhOhrr'/TdD2d Tr/TT 

A0A1 uAlu A2B1AA 

  T1Tl
gTlg T1A2, T1E TT 

E2aE
uT2u E (Al)EE                                            B

1 

a 
7o„U -a—t . i. EV -co) ~Q (~'e -,T1) 0 lk (6_ 

 J.(ri ./Oh)Q 
- J

f (rf/Oh)01 2 3 

 0(Alu) -1 (Tl
g)08/27 0 0 

  1(Tlg) ->2 (Eu)016/135 16/135 32/945 

 l(Tlg) i2 (T2u)016/135 0 8/105 

 0 (Alu) +2 (T2u)00 8/45 0 

 0 (Al u) }0 (Alu)8/50 0 0 

1 (Tlg) +l (Tlg)8/270 16/135 0 

A 
  fa3)Lt '<Z15,.!A--z-3„ 

130,3i tment of Chemistry . Kyoto University
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 T -13 

B. I \l~  

(4.4c) , Z- i " Yh (z " - de~e ~c(~vl P 4 r-- -7 I? 7 

tit T- z., in- z= G11 Z ̂ ° I- I V alrGka ,< fii z , 3- 

Ot I' i IL l ICI al 119, 1= d Jl bU-kJ6 (7_ rk 

% rC  1115', 5 t r k iL t Fe, 7, $l[14~~ i 

 a o,, n ~u 

           6.U..v 3) t ̀ s3 it T( T=4,1-  K) 7' t-41)  ;I ) 

rr 5° tf -0- i & VI . —7 47.11  . -zt _ ~zoft7 ., 00--.& 

~. ~Lf :or1 m *ft C-? 7 0 ( o~--E 7rr.„ 

z[mtiz old Of_ 4) ilk iz 4 L T= 
Department of Chemistry. Kyoto University



 x--14 

iy, , 2 -ea, ic,d-et , 14 4"1 (. I., 10 _16 1 4Z3 fiD, l i 1 HH i",7 

 ~
"tt    vg~0 Z n°7h A- t E t 1 in-( i ) Tj2 e5 ZLR— ?j< ./,\ T z oz=, 

2-, n c°- 7 0 YeAtt 1 P_S 

Q 01 = l ds2 / 0-11  (ia~) 1-~(e , j`) 

I9) 
or) ' 'a@`14 Ia It- T"A5) =4'`12 A?-1,4  1& 14, ‘ L c -R 7 3 

a 7pr- /t-li b~."f 'z@°i 0 0 �-- z"A ) goi (SOP' 1b i Cldi 

 al ra , K„ri,L, 1,_ elfc,,, 0 ti),,--* I, (7,5J A) (lei /-p7, , 

4wv.k.'v14 ctiv _ Y) L b on-I i-3. 

                              z, dig. (V-3 z"^l )L; ~L f . 0-41 , _.7--7 miLTA 19 a) 

X1 tl fi\ ~` AA 7,-  1 o " f I a OltriA ID' , ~') t 1-4 I14;fev L, ,,l 

r 4-11 z -A. .414,,--•r,,,A.,,,-i3\ 't"1d 1= ,S ,i.1- 1 G7 - - ii f V � z 

.,iiv 111-1-> TA -if,-, T . ilt -7['le' Ti :ra, III 1-1T, 
                                                           Department Of Ciie,1;i,:1y Kyal; pin;versity



 li-15 

Tall- -7_ Gk I3- Z',) 17 +t-j. Azi,Aft., 0 ft-1 in Illt fl, (E = -rola, 

0 = 76, V, T= 44 K) 

   Level Momentum Scattered Cross section 

   number trnsfer neutron calcexp 
dada 
                  energy(dSt)'dQ 

   L.-   LaK (°-1) E (meV)(barn/ (barn/ 
 i fsterad) sterad) 

  1 - 0 2.03 6.091 0.48 

  0 4- 1 1.82 3.909 7.004.8b 

  1 -- 2 1.77 3.441 0.54 

  1 -> 3 1.68 2.475 0.16 

  0 -} 2 1.67 2.350 0.69 

  0 4- 3 1.58 1.384 0.42 

  1 4- 4 1.53 0.806 0.03 

  1 -} 5 1.51 0.314 0.02 

  0 ÷ 0 1.92 5.000 7.09 
}c11.0b 
  1 -- 1 1.92 5.000 0.37 

a-i , KR, 0is Table- i f= ,z, /17-3 

b
LFt) . by 7tof -W "Tz t 0 7" A i o 

71,p y 61 ©z c 4`•T -a 44t i) i zF A5 .  c-owre-^U-3 II -t-/PV =A- z 341 3 

6' Dec 4`j 0 W--n- V? 13'S 4 1, /fit,= -A413 , Oa 47 IL a) to (i? f4 

/4. ‘t r /l 
 it1,--z,barn/sl&r-A4 1),1JA\ 3 o 

                                                       Department of Chemistry, Kyoto University



   (barn/sterad•meV) 
8.0---------------------------------------- 2 ' 

 dQdEs1E,= 5 meV 
                        T =4.4K 

 6.0 = 76.5° 

                0 4.0.1                        io 1 

  2.0 

           O 

    MM N ~ O 

 0.0 • Nail _ 
  0 2 4 

E (meV)8



 TE-17 

8- 3 0k /1-- I= g `71 q.1-1_ 'll A, (9_7 a) 'AiLA 4tc P-`^ 
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  >1 iCO 

    E .t./ 
LO 4./                 / 

II II/ 
O/ 

W I-- /0 
  / N 
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 /^ 
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 NdG   c
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 WI— r 

74 IlL4, 1. Eg )N z' e) 1r44--; %t UL tf( 0 ION_ 

( t- "i17; 0=itS-°, T=4.4K) 

 Level MomentumScattered Cross section 

 number transferneutron docalc 
                                            (dO 

                                      energy 

0_1(barn/ 
J. -- JfK (A ) E (meV) sterad) 

1 -} 0 2.056.303 0.30 

0 } 1 1.803.697 7.22 

1 ÷ 2 1.672.394 0.41 

0 -} 2 1.091.091 0.86 

0 -> 0 1.925.000 7.39 

1 -> 1 1.925.000 0.22 

Department of Chemistry. Kyoto University
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IS) 
:fir= , r- (td M fai'S 

 ( E° = 3, Li , T= 4,9 k) ( Iz b ; 4-cZ 

01 z, L L ; D-4 e-7 61 6D ik 13\-* _ » a') _ , r 

z L 3 14) (z- l z, f;1 h 7 

/7-=) -cs o zn°21.. vu 1, Ifv - 31< 

v- 1-S1-11/4- rill) 7e (i) Z" 'Ck`1 E , —24(rl , fl C— )1 alt--3P+1 Cl 

                                                     .N ti, A• •0 t. I ~,  zfl, Atli°-2 mi^-ra, 

_ Z ED = 3 . in,  T 4 , 7 >; 11 T 

hi,j 1- w fi (.1L0  sL n° 1-it. ~J i 5 '~1 ~= v 

/4-0-2 1Ciz 1M -cf. J'!'1 '')/ 1~ 0 4 CL 7



 it-2o 

t 3 a (1 j- 1 ti q al / v Z I or , 041. e9-2 

5 to % S L 203 o /\°9 IL 1 a 611 r. l 2 

 , tt lA f i 55,1[ : 13 fi L \\ o  - T ̂ T„Z, 

/~'1i13 I = o.7s K z" ''5 Tdl V' 7 I7. m6\ , a 7ffl9 1: A 3 

44\1Y-7? 7 2..163, (=6,)tisan, bt la D2d =t-ffi.) AL 

, iA4 b ] i-) _n , fl-3 < 45, 

4_, a) 413V it t9-7 M \ 71) ,~ ~ a V3 77 r b`N 91E, /130 

~z=) ~ ~ t= 1,,,2 e, ^_ " S'i I; ~~ I t-° 7 o) 

14 % 4/i Jn v)I- 

         1= y rl ti ( Fo = mP.V , T----41K) 1- 3)-113) R -~ T , T-~ 1= o~ 

1V 3 t t°-7 , i3ti\`tI e--? 0) K r4i,T~- fib -F13 6 i= ~„ Z 7 ` . z

•  L ~~ p it= > t \l`\ L  1` I— a ~V ) 

A  /~`~- ~~ /`~ m 54-ft  3 ; 1 n f,\ z~ 

    -1= b 6 ) o AR ra , ~%~~ K4 44cti. 'P,. Z'. KID 
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C. )ja,,teti's il~ 

4 hl= o -01 Ij- 1(.1--  -i)`` trfA , J 7 ^ = Si 4-- .,,_ 14 vQ 

I'r, :/-1-2.a) 161) )41\- o 'ii1  34,7 „.1T, T= z- , 

Lk /ate (= 1 l Z Y ~ 17 ' AV gib c9—) ( 4   —f—( i (611°1 G1 (: 1~ 2 

ra.'  Si, i T to J27l= o) A  Dom{ 1/711-1----  ft 1-7 

C~o ft ----5/0 G `~/(-0 1 f/, 41i ) ttrI i. Q 1~~ ̀ tee 

Oti #3.- +i , S , ID2ec ).Dam 4) ^ a / ft 17, 3 , T- 411,~L 

111(z ^a  Qk ~a`~  b n 04a) t ( rrit  i\ ~) ~a aA47 6) 

4) cz )t~"‹ 13 m c°-7 c- ITUt1 ,n$1~;$o)t, t:3 i,)4\ t~ 

z- o 11  S _ ~ "L , ~L   ca): = C6) : = 3F. L °, 
                                                              7.'; '+ 'i n i m10 U

niversity j



 —zc 

C c) j _ S-Z 3 9 , (d) : = 7?, 3 a Z" 3 o PAA f (E = 34, 71 V; z" 

1; p 14 1a/-)-2 z' T, I Z a ( fit, ORA la =L b are, 7~p 

(a) : _ 24s ° (b)  = 40° Co): 1,9= 60 0 (4): 0_ Po ° ) . . <  (fl 11, Olt 6\4" 

 V‘'2  ~~~,. ° k---1-  i7r. 1) 0 , kffli Did h-} 6 

.14.9
9 is e-9 V' Y4- 3 0) i= /4.1 , -0`" z-b'j 

fj4q,Dty` ;4 -k 1: 3 -Z`' fG (Tz t T. i u 11 4 

.2 0)L 64- 17 4,r f i^ bavt^/s-terad ) 

4-0 (I) I z IS 2 Z „ 3 ° c?, ~; f- y (2) z'11 , 1* a) AA_ A-, L` -0L If . 0-o1 

(2_7 ~ 7,n°~Iw 30'h c°-7 3 a) , Lt Lf : v-92, o 3 

C~ 7 11 *11,  Z t4- m a , 475 5 IA 3 o D-zd 4A4- 

A--)1) or 7 n t)'7h a-) I 71-7 z,, 3 ° III (1) 7"12 ) ~t. f— 

          , L: _ Lf : o- a3 m <9-711 CAL S~fG 1= ~l 

t,ik • Or= Lt 0-)4 m C AlatoG.)z-

)", 

9 — 6b0 z--kt 4 c°--7 TT ‘‘z , 4011._ C1-7 07 

It  °~l '~f :) , -e0  1 C°7 VI F' < id) -,fp) ~Z ~ 
Departmeni of C;ihernistiy, Kyoto University



t =  4to-  e2-  7 ( w = -v- C 0-4-V) 11 

17z" l\° 1-14_,,'cf, -iq`" 411-z-  (di's 

/ 4 I = , b ITN ( 713- O 71 , Ta .e, 

-g -q 40 6() 

             or) rtg nE)) 1 d' )0i fil," E 

        ttk 61 1= )JJ 1-)0 til ).r2. 3 i-10.444„. 

ti lc')t,__ 11 C Of,, /7\+ L -ELF o'2  ~ o-*,3 ) /Z 

< c°- 7 6 z i t , 44-+l e-7 51{-k !VILA fA- 

l -o- l 1d17\1 ) L~ L  lb 1 a c 7^ i 41 Z" 1 t-N  (_ o, C°— 7 

,ifl1-4) 1'a 1 koiaZ C' , ' ,q 7" 3 o) Ok ~\4- co L,' —1t, 

o 2, 0--43, 0-)4 0~~( r ~7 = ia --kc°z_(10) 4-fc,1 j 1d co 7; ~ 

iL h\I T (.q  

.9, ~~, (-7 Ritz  Fj. 9 r0_ Olt L; ELI ; o -~ 1 

0 e__7 13. 400 Z~ ?= L;_-) Lf ; 4. 1-3 
Liniversiry



 2 

      -q_01, )a`3- a U P 24 AN- f o 4'h~- 4 /1-M (11)46,A trl sLP__ 

      (Eo = 34:7 "eV, 0=40 °) 6o' , T= .~ k ) 

  Peak LevelScattered Differential scattering 

  number numberneutron cross sectiond 
calc 
                    energy(-)(barn/sterad)                                     da 

              b 
  NPLi-4Lf(site) E(meV) at 0 = 40°at 0 = 60° 

 11 -> 0 (Oh) 35.79 0.080.00 

 20 } 1 (Oh) 33.61 1.040.03 

 31 - 2 (Oh) 33.14 0.170.05 

 41 -> 3 (Oh) 32.18 0.060.03 

 50 -} 2 (Oh) 32.05 0.620.32 

 60 } 3 (Oh) 31.08 0.560.29 

 71 -4- 4 (Oh) 30.51 0.090.06 

 81 -> 5 (Oh) 30.01 0.040.01 

 90 -} 4 (Oh) 29.42 0.481.04 

 10 1 } 6 (Oh) 28.56 0.040.05 

 11 a ÷ b (D2d) 28.35c 2.111.85 

 12 0 - 6 (0h) 27.47 0.07-0.20 

 13 1 } 7 (Oh) 26.58 0.010.02 

 14 1 - 8 (0h) 26.22 0.010.01 

 15 0 } 7 (0h) 25.49 0.100.06 

 16 1 . 9 (0h) 25.43 0.010.03 

 17 0 ÷ 8 (0h) 25.13 0.06 0.11 

 18 0 -- 9 (Oh) 24.34 0.03 0.18 

Department ei Chemistry, Kyoto University



 liC28 

Talk 31^r-1. (*~) 

   elastic 0 ; 0 (Oh) 34.70 0.010.36 

        1 } 1 (Oh) 34.70 0.080.05 

         a -- a (D2d) 34.70d $.414.34 

vV fa , 073)4 i / 1/4 p C Oh 4/o , l fn 

(fa h „i ) CZ= 4 ~~ 

b a 4 4/1> 
, Ta-e.c.. i _ 5Ls ,  Att  

P.2_,4 /7-.1L--)°gn 

c ' 13 , -7, F1 'me- S E ?J> '~;~ a dJ4 b '7 

d f r1 3434 "'V 34.. (1- a) 44,109 - 

Delp rtment 01 Chemistry, Kyoto University
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~"^=)6(it) &v\"a-( :) ED 1 -14T u K 1= A'117 []f7; 

F- iz 7" A3 D °k h (~ ft) , D/4- (—V, tt) , i X 

1:3 z- 117= ( t) 1 = z 7, ; .)._ ) 407 i a 0 to r= 1E5 

13, co VA fi`6- ritcno 7r°77 ,v-t /7 '5) 

2rj o)~`' ~~ AI' DA i r~ 7.1 3 cn I a m '~' i = 
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 ~ T= , Z" 0)= 1. O ? ey zI = DA3 u 11) 

 A t A~ - T T, °' e„.n ~o1-a ~n-o- ec~ ( dpi r 3 o U24 /Dz m T. 

Eo = 6.2 Tiviv- 7'' 1`tpa n I '  w .1Z. (U 4- aTw 0) A k -) 

01 tr-vv 42\r ° ?./i't oi 44 Is 1f = fit a ) 

                                                       1, $-13 1,11 ,4`~(.*) QV' ov(ft) 09 E,4&(-3—t1-- 
32 a) ttnL T= 0.37 (X$,(k) 200 (AA) , Q, oo K ( ) Z° z ~ 7~~~ o~r 

1~ s 0-12'C ̀ "JC to) z`' d~sc~ o 17t -1q I= t (r Ig —b,l')71 ) G i 

L~7 tic) yC~1og) Fe z'Ia , T= a. 39 K —4 4 . ov K I= t-(, (~ i 

~~ 6 rn 21--- L)4` i a 2 bay- 4?tpa <  ( (  7"01 '(b 6 

TcRo, 

A 

1, —14  , 4-) 

1171= 0.39 K (,-1)-01  ' /i.0) E.. 44 fa ft ,t9' onzY` 
a Department of Cheliiistiy , Kyoto University
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:^=, . 4-11x , E=3,7MeTT t=dl'ai 

0-° 4' an ~~" I e Jt~1-19  1,11 cz- ra, 

MI- 5MWi L ,,'S (f) , r=iio d1t 3 c7J3 

61, -15 r_ ra, 0-  sftx—I +I- P' rD = 3, 7 i=, 1:0 1"i  

\J 1 h`  = 9"z 01, /~`~- , —, , Jl tz 17~a tihJ 

21) 

   ~' ̂ =1a , Oh, ln`i- al 11.- C° >r c v-cA t`" E: 5, ' A'C' 

   417„3 o 67Q, Ia , t = iS ewe/ /b\,(, Pc” 

  bl~,1= +1 IT-> ,`o (c(Q(t] r~ I 

tt I t5 6 `'° / 11/1 o a, ttAl l ̂ ~ Ve fbi, t Z 

 20) _ 

                                                )-1L , o,) 1 i Gt , ,4< bs f k r jt 
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  Tovt-QL. [-f21=14 , 2-7 o) ztiik ( 1----12,7, 5 - -K , 4, oa k) 7' t ''7- 

         f 

 4"cd)( a ) 0 Ak_ b• . 541 7 ,1'`))  o it' ttz h cz x'21 g,-, 

 —* -ti j.. t.,1-427-,1i1 /9/7o-n.-`2, Iti Z" 11J , 1r, , Taie, ----via-10 

A, B P (Td -17_ o, a, i m 4 L 4, cLA V'3 4 ,P3  tz) 

  till IP 4 .;„h (-_-_ , 0-,„,,t- P < .411---f-/)>T- t=11 i 3 L4p,--- mict:A71A) 14 , 

0'°0 SIP16 Aakn-3 ih"-no kit, il.,4 z'' Iiirei 

n 1°---).f1—,-tr 1.;,,n1 It .1_A-14 1Cr b 1l: , relt^:1--3 cM/ -i. 

  2-, hiss) i= <zett)-P; = 4113 Ps,ri,(ctarL 1---- 7,11Z tN 3 ̀c  i L J v 

Ii, (4. 0) , (4,5-4) A z- -..c. z J d1 I7,1cA-tee., 

 1:. la -t- lizA-.) --,k,n. , ?a) likikcA 11 1_ kf7d—ii5 cz -19-^ T-1 ---:- 1J 

",I 

q.A.4a,\%vt-ti)1i T~10 K 1= J't)z ~i ;4,?,:I,1, ̀.3-,~/b Zs 
       .z, ),%--i71-tl- , -7,C° Ito) AtT) 1-0Oti jb`' oil b' 

          /I//,'22) 
Pi i AL) D17\11 lti~,~,.,„` hwx1-tE, 0 5 3 n QA T , fa_ 12h 77, :'di ? 

,N 9 Fa It 11 ) L,4.4 ,,, 'L Adrvu,', ^ -, I:. 13 , Oz do 21- 1�-1A ri C 
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G'e t is • 0, Tc2 VE-10 Z' z JAZ: , a, 6 66.-0" TTit 

t: <I(I1-0?~ °k411d),)'r I= ex-VWA4 V lTT It I vJ 

t m ) 111 Z, (rpt t, Q' - f4_ cE t l i 

  ~~ o -e  -br Tag_ TE—I3 /` T, 7,  "t° 

                                                                                                              ci 

494, ) ` m - k _ /1-16?-7 71 ;.T± r I Z "M 0 

         --F
Z•-14 i= et; JAS) I~ol(T=0,37  

           Q ,° ~' 1 I = ° ~Z Eo = 2, , 4 _ X17 

-- (F5O v) = 2-v. 1 CT*0-i. b) 

(fits- L-) 
01-nartnient of Chemistry, Kyoto University



 L-44 

yv 4 .; eu n -4.o *I. 4.-A; -eo" tsfqi krgvi'A ''4K ° 

I A (7 :(1)=4.11 ()) ilk. Zffr.5( 

0 tz--2 9 69 tz 71,3 /11J a 
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 ̀ L -45 

-Fa~r1VI(]~a         -t0 atot = A + E<I (I+l) >T + a' f= 71"-o 3 /NIX a, 13 k, 0-'0 bTIE 

                                                a' (barns) 
EOAB 

(met') (barn) (barn) T=0.39 K0.75 K 2.00 K 4.00 K 

 3.7 2.029 6 99.3 103.0 117.2 124.2 

 1.6 3.057.7 58.4 61.6 73.3 78.9 

 1.0 4.571.6 33.6 36.4 46.3 51.4 

 0.1 8.4101.8 0.1 1.2 5.2 8.2 

 09.1 106.4 00 00a° °° 

(4, to, (4. .t) r~ o 

~G,b1e N-' , . VIL. in Oct , O A A ̀ a ( Fa = . , 7 mk1V, 

7 = 0,'7C, 4, ov K ) (*&-r1  b&rrn 

0hD2d 

T (K) 
         a0a'aoa' 

          0.75 179.6 0.0167.1 8.8 

    elastic 
          4.00 171.0 1.3106.9 25.0 

       0.750 84.70 100.3 

    inelastic 
       4.000 87.80 110.9 
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               yyya 
---- "Liz6tot = a + b<I (I+l) >T ,="~'rGAa,64!Ill I 

EO (mev)a (barn)b (barn) 

  3.7180.316.4 

   3.7(167.1)b(8.34)b 

  1.094.262.2 

  0.134.497.4 

a 4 tt a, 6 a T= o, 7S, 4. ov k' zv.aff af. '? 'II 1 a 
b . ( ) viii it , bs4w,,'o , ,c M v' ! _ f 3 i' M ifb 1 3 

Taff,- ,- -a + 13 , a. Ip ( 1Gom,re L,V C. "Mir:  '^i 0 IV 01 .t'_ 1 ! 11DA. 4 *Ili. 

                                   go=3.7wOraQb                  0
tottot <I (I+1) >ra <1(1+1)>Tc 

        T (K) 
                  (barn)(barn) 

     0.39241.6241.6 3.75 3.75 

     0.75241.6241.6 3.75 3.75 

     2.00241.6241.6 3.75 3.75 

     4.00240.6240.4 3.68 3.69 

     9.52232.3235.3 3.36 3.18 

  a-7k(T3 1 j1 , 

                            (€0.3fff16,,   h.<=tail>
,- alit~)  i.a=bark,b={parr, lA f-.:1 .4t.7 q , 

C.{ SP. 3Ib,S~ 
      (f tt-mAS_,a =6~rn >=date- -ass r' 3 . f 

(yep artment of Chemistry, Kyoto University
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 -45-i4 6-6-' (at T. 0.39 K) 0 Ea d8Ar4 ~i—ro 

<barn) 
       al-al(T=0.39 K)  

 30-- ' ' " . 
9.52 K 4' 

 20- 4.00K_ 

2.00 K 

10- 

0.75K 
                .......----„, ..., .... 

 0I 1 1 I   1
5 10 

Eo(meV)



 at         (barn) 

  

1-----------------------------------------------------1T 1 1 1 

600 
E.= 0.1 m e V \ 

  \\ 

                           \ 500-
                \ . 

   -\ 

_.-7---- -- -\\ 

400-\- 
1„0 meVzN. 

                                                         N--.......,. 

300-     - ._ . 3.7 m eV 

200---------------------------------------1' 
    0.5 1 2 3 4 5 10 

T(K)



 --_4 a-tot o I,k4 -1-t  (F0 =3,7mey) 

(barn)  
300 1 <i ^ I , 

       a ofE.= 3.7 rn eV 

                   000 

               0 0 

200-0 0 00 0-0 

         00 

         Q~- 

   I11 1 I I  

    0.5 1 2 3 4 5 10 

T(K)



 T1- ?- f 7 0 k 0 di covl,ti`~vuovl,) 0) T1 1-- 

     o(barn) 
 tot   250 

, II [ I I 

200-0 00 0 -
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 GH4 -to it 41)/34k L () a . (d,Q) )`" 1 

(1) A*t I 7,,/in , a- (1) AO 14 Y t'(-.4a4Z'q z" ~, l'€'t=~I 

7121-> 2C-/ / . Ott 1*3 ifkiL  t 7 , 1= /q-

R+1 /, fi~Gpr~4—~if)Dv'd)l e l T -a-1, -rcrff-2) 

4 ~~ , 41 A ] ILA"— E0 avI~ i- 717 , aL iD4 - ),53 

f,t3. „<-~a~~ ~  ,~ Satz, fl f>>dv ,0 

3 ~ T 8 (z , n -1r i( c`'-? Pv. /D` t I I.,. /D`;i ~E-a                                             ~~nC 

rd<Lt, 4\i~~r`~1~Tla=SZ}l is 3 n`-  P 

(a) [d) es a) 1. , Ok 4.t4-  L f ; o - i 10 1- y l A tt_, [fir Ilk oni!r ~ 

(9. 2-7)  I a C'CrWV .olA q`"  7' Id' (_ dh , — iy. tr (4 ,, L 7v  o :47 211I 

1t  'ills4) 1.14), 

T,(71,34 - w sr' ~~AL ,`'< faaMi-4) 

4T3-IF -p'_ mcitJ „7J„ ~~, =ahe, fic a) is 1 tk -Lca rz,. - 7J 
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 T< 1 K o-) A, S. 7-11 , ft f*',' .4(' (b 1 1l 02 Far) 

0,1a 441:: l+3 33o ) (=14 A--5 (115, )1f31 ^ 

z'' T ; ̀ J t t= J) I: ~~° ~r'I C"- -7 b S 9;4,1 `) 10 7, "h ' 

        1Qf, 0-14. 405 I = /,'/13 12112- / L 44 43 0- - r , (ddsz) 

 tc pit 01),- Eo 4T-144.p,_ al ̂ ' S /7: ° 0` 13 0-° o-f r 69 10 

  1t~ z` :( ,I'l )11 13 , 5141. *it., i a ~b ~' trip" 1 3) 

    0'0  = A A- B <t( - L)>(7, i) 

mil/5z- kb (A, T3 1a >SA r if. f- i f!„ 4k ) 13 1~+ l 5 g 

c 6 if Z" (1) .3 o) AA 13 , 41 eLli h # >  * frt rttai 

/ t , co) f) 'i o) SOLO rill ,h b' , d; ti` , to) al el, 4,1k 1 J 

 t5Q1 3 Ir id 5  1,1 0 , ~ t ' , . ,- 

1413 ja i ,E,0 n t) 3 z- =61 s 
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                                              13b4- -1''i n TrPoh ^ = P5 41 11,h JA t_ 7, "t ~ f k i 7= b o) z- 70 

 mitt* 

IAF 11,013- fi Its" /\AIL (\J J ' \ CG „Z, t;11, 7,1 _n 

^\tit ' > K bk1 )4131 0) 1-1=13 ^ - Rfa n'j 

i= 1-).-113  a1 VT. k-(61-7-  J'' (z- 17 ,1d o7 0 lavc ' 1d b] 31. 

1`, =a)7 r o, 1-4-4r4 7a 71.i at Ts 61 j19 /(1) iz -y11Z 

33)), ?69 t149 1. t= ̂ Pi-,'  ) ill o 1/ 

H kcy.lie, i -- i~ ~t~ ~,1. P Y t t-11 ',h ~' -~, - L zn°7 k i- l 33 11 

ft 1 Z , 3z- K. T. Lastitt, 3. A. Alt , / L 

4006 r-9 -E ink til 17. 1-77 , CAItLl 3°14 C6 bra^a 

t. 14 t! r fi -E-7-9- 7- 17111 1= o 

i=^a, — 0v9.iD\0, IT* (;) q-,`;-A i- JD. 
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