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The matrix element is evaluated for the minimum path of the rotational transfer between two

orientationally localized states of the tetrahedral ion dispersed in a cubic ionic crystal. The
energy levels derived by the other method using free rotator functions are employed in this
evaluation. Three types of orientations Tg4, D2y, Ca,, have the characteristic region on P4 B

plane and give smaller value of the matrix element .

I. Introduction

The rotational energy levels of NHy * ioh in the
cubic crystal of alkali halide were computed in terms of
so-called @ - functions or free rotator functions.” It
was revealed that the levels observed from neutron in-

)

elastic scattering2 are due to the orientation with Cs,

symmetry.

Subsequently, the intensity of neutron scattering
was calculated for three types of rotational tunneling
system on the basis of orientationally localized states or

P It was pointed out that new peaks might

pocket state.
be found in E> 3 meV. (In fact, the existence of addi-
tional levels has been verified recently by a new experi-

ment of neutron scattering.”

Here, the relation is investigated between the method
of free rotator functions and the approach by pocket
states to proceed with more quantitative discussion. In
this article, the octahedral field from the crystal lattice is
expressed by first two terms in the expansion in Section
Il. It is possible to calculate the rotational energy states
made up by free rotator functions. Next, from a different
viewpoint, the tunneling ground states are constructed by
localized states and the matrix element for rotational

transfer is formulated anew in terms of the energy levels

in Section Il. The matrix element is estimated as a func-
tion of the 4th and 6th field strengths using the energy
gained by first method. In Section IV, conclusion is de-

scribed.
I. Crystal field and orientation symmetry

The isolated tetrahedral unit (ion or molecule) in
host ions or molecules feels the field which depends only
on its own orientation, that is, the crystal field. It can be

expanded into octahedral function V,(®@) as
V(0) =3 fV,(e), 2D

where @ denotes the Euler angles {e, 8, 7| which
give the orientation of a tetrahedron. The coefficient
B . has a non-zero value solely for n =4, 6, 8, 10,+--+++
because of the symmetry of tetrahedron and surrounding
lattice. It is confined with first two terms since they
contribute to the most significant part. The guantum
state of hindered rotation under the octaheral field is
gained by solving the eigenvalue problem for the

Hamiltonian
H=K+V (@), (2.2)

where K is the rotational kinetic energy. The computed
energy will be given in the unit of B, the rotational
constant. Thus, the rotational states can be studied for

both tunneling ground and librational part as a function
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of field strengths B4 and B

Next, let us consider the orientation of a tetrahedral
unit in the crystal field. There is a group of characteris-
tic orientations that have an equivalent static energy and
can be distinguished from the others within the classi-
cal-mechanical point of view. The group of fundamental

orientations is classified into four “orientation

symmetry”s) : Tq, D24, Cay, Cayv. Fingure 2 in reference
3) depicts equivalent og‘ientations whose Euler angles
are shown in Table 1 of réference 6). One of T4 type
is a standard orientation where four X-H bonds of the
tetrahedral unit XHy direct to (111), (1-1-1),(-11-1),

(-1-11) of the cubic lattice.
H. Tunneling ground states

(a)  The distinguishable orientation in an octahedral field :
dy

If the crystal field is quite strong, the ground part of
rotational energy levels forms tunnel splitting levels.
As a basis for such an orientational state, the highly
localized state or pocket state d,, is available. Each type
of fundamental orientations consists of N, equivalent
orientations. The rotational transfer from one of them
to the other produces the matrix element in the pocket
state formalism. The shortest path between distinguish-

able orientations may give the most important part.

Table 1. Number of equivalent orientations of the tet-
rahedron in an octahedral field and rotational
axis and angle for the shortest transfer be-
tween two orientations.

type No xis smallest angle ao/deg cos ao

Ty 2 (001) 90.0 1
D2g 6 (pg) 62.8 (2s—1)/4
Cs, 8 (011) 38.9 7/9
Czy 12 {ttu) 33.7 (2s+1)/8

= (1—4s)/17, s=(2)?
u?= (7+4s) /17,

p=(5+2s) /17,
2= (5—2s)/17,

Table 1 shows the axis and angle for such a rotational

path as well as the number No.

The matrix element for the rotational Hamiltonian

(2.2) is expressed as

a=<i |H|i> (3.1

Where | i > or | J > is one of N, pocket states.
By solving the eigenvalue problem, the rather simple
structure of orientational levels is gained as shown in

Table 2. The level is specified by the symmetry under

Table 2. Orientational levels of the tetrahedral unit.

type levels eigenvalue/a degeneracy
Tq E: (A1) 1 1
E: (Az) -1 1
Fzq E1 (A1) 4 1
Ez (T2) 0 3
E; (E) -2 2
Csy E: (A1) 3 1
E; (T1) 1 3
E;z (T2) -1 3
E: (A2) -3 1
Cav E1 (a1) 4 1
E: (T1) 2 3
Es (T2) 0 3
Es (A2) -2 5

group O. It should be noted that Cs, and C 3, have a

very similar level structure. However, the next procedure
is necessafy becuase the light proton atoms in XH4 have

a nature of the quantum-mechanical tunneling motion.

(b) The distinguishable orientation in an tetrahedral field:
d(m)

When four protons in a tetrahedron are labeled, it is
possible to construct twelve similar orientations using
operations under tetrahedral symmetry. This approach
in a tetrahedral field has been introduced initially by

Nagamiya” and revised by Hdller et al 89 It is quite
easy to extend this method to the case of an octahedral

field.

Combining the above two categories of localized
states d,, and d (m), we can make 12 Ny states d,, (m) as a
basis. The same matrix element as Eq. (3.1) is em-
ployed to solve the eigenvalue problem in terms of d,, (m).
The energy levels for each type are seen in Tables 3
(a)-(c). The symmetry under 00 is given in the
second column: The energy difference between the lowest
two levels is fixed at the experimental value for the

NH4+ ion in solid KBr? and the other energy is also
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Table 3. Tunneling levels of the tetrahedral ion an
octahedral field.

(a) Ty (@=—0.1325 meV)

levels eigenvalue/a E/meV degeneracy
E1 (A1A1) 6 0.0 5
E: (TiTy) 2 0.530 9
E; (EE) 0 0.795 4
Es (T:T2) -2 1.060 9
Es (AzA2) -6 1.590 5

(b) D2q (a=—0.1840 meV)

levels eigenvalue/a E/meV degeneracy
E (A1A) 8 0.0 5
Ez (T1T1) 1+e¢ 0.530 9
Es (BE,T.T2) 2 1.105 4,9
Es (AsToEToToALToE) 0 1.474 156,36
Es (TiT2T2T1) —2 1.842 9.9
Es (TiTy) 1—¢ 2.049 9
E; (A:EEA) -4 2.211 102

c=7)"?

(¢) Cay (@=—1.2090 meV)

same for the rotation by angle ao. In other words, for the
fixed energy difference, the potential barrier enhances in
the same order. Therefore, the tetrahedron in Cs, or Cz,
is subjected to the fairly stronger field thén in the
others.

Now, the eigenstate is formed in terms of localized

states. When it is given as
[m>=35 5,.]i> (3.2)
the matrix element ¢ in Eq.(3.1) is rewritten as

a:z Si,m Sj.m* Em » (33)

Where E,, is the energy of m-th level. The off-

diagonal component a as well as the diagonal one b is
calculated in terms of the energy E,,. Table 4 gives

the explicit expressions.

Table 4. Matrix element given in Eq. (3.3) using the
eigenstates of tunneling levels for the
off-diagonal part (a) and the diagonal part (b).

levels eigenvalue/c E/meV  degeneracy

Er (A1A) 3 0.0 5
Ez (TiTy) (1+¢)/2  0.530 9
Es (T:EET2) 2 1.209 66
Es (T:T2) (—149)/2  1.739 9
Es (A2T1.TiT2) 1 2.418 153
Es (TiT2T:T1,EE) 0 3.626 994
Er (AiT2T2A1) -1 4.835 15,3
Es (TaT1) (1-c)/2  5.514 9
Eo (T:EET1) -2 6.044 6,6
E1o(T2T2) (—1-c)/2  6.723 9
Eni (AzA2) -3 7.253 5
¢ =(17) 1/2

evaluated. Symmetry Cz, has the same levels as Cs,

except for the degeneracy of the highest level.

The smallest rotational angle ao in Table 1 de-
creases in the order of T4, D24, Cay, C2y. This reduc-
tion of ao corresponds to the increase in No It seems to
be resonable that the separation of tunnelihg levels in-

creases in the above order if the potential barrier is the

Tq a :(E\—Es)/24+ (E;—E4)/8
b: (Ey+Es) /244 (Ez+Ey) (3/8) +Es/6

D2y @ :(E1—2E7)/72+ [(14¢)Es— (—1+c)Esl/64
+E3(13/288) —Es/16
:(E1+4E7) /T2+ (E2+Eg) /8
+E3(13/72) +Es/4+E4/4
Csy @ (Ex—Eu)/96+[(14€) (By—Eno) +(=1+¢) (E—Es) 1 /64
+ (E3—Es)/12+ (Es—Ey) /48
b: (E14+E1)/96+ (Es+E10+E4+Eg) (3/32)
+ (Es+Eq) /8+ (Es+E7) /16+Es (11/48)

¢ = (17) 1/2

o

When the energy of tunneling levels in Tables 3 ()
—(c) is used as E,, in Eq. (3. 3), the right-hand side of
the equation in the table becomes exactly a. Instead of it,
the energy computed from Eq.(2.2) is adapted, the mat-
rix element ¢ for the tunneling levels is estimated as a
function of #4 and B¢ The contour map is calculated
with J truncated at 14. (J is a rotational quantum
number.) The lower left region in Fig. 1 (a) corres-
ponds to T 4 symmetry.l) It has a quite small negative

value as is expected. The T 4 type of tunneling split-
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(a)

s/

B,/B

b8 0 45

ting is realized in that region. In Fig. 1 (b), D2y sym-
metry yields. in upper region and the value becomes
small absolutely.  The right part of Fig. 1 (c) does not
give so large value which forms the tunneling levels with

Cay symmetry
N. Conclusion

The extremely localized state has a tiny width about

rotational angles. The matrix element in Eg. (3.1)

should be estimated from the pocket state with definite
width. However, the overlap is very little between one
orientation and an adjacent one. Therefore, the estimate
of matrix element is subtle problem and it is hard to de-

rive it with high precision. In this article, an alternative
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(b)

94 / 45
Contour map of the matrix element a in Eq.(3.3)
on B 4~ B 6 plane for (a) Ty, (b)Dzg, (¢)Csu.
The used energy E,, is obtained from the eigen-
value problem for the Hamiltonian (2.2).

procedure is proposed although it is really meaningful

only in the strong field limit. It is available for the

another system.lo)
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名古屋工業大学学報　第40巻（1孚88）143Rotation　of　the　Tetrahedral　lon　　　　　　in　an　Octahedral　FieldYoshiaki　OzAKIDψα伽θ初σC勧漉吻・（Received　July　23，1988）　　　　　　　　　The　matrix　element　is　evaluated　for　the　minimum　path　of　the　rotatiohal　transfer　between　two　　　　　orientationally　localized　states　of　the　tetrahedral　ion　dispersed　in　a　cubic　ionic　crystal．　The　　　　　energy　levels　derived　by　the　other　method　using　free　rotator　functions　are　employed　in　this　　　　　evaluation．　Three　types　of　orientations　Td，　D2d，　C3v，　have　the　characteristic　region　on　β4一β6　　　　　plane　and　give　s皿aller．value　of　the　matrix　element．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　in　Section皿．The　matrix　e童ement　is　estimated　as　a　func−1．　Introduction　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　tion　of　the　4th　and　6th　fie且d　strengths　using　the　energy　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　gained　by　first　method．　In　Section　IV，　conclusion　is　de・　　　The　rotational　energy　且evels　of　NH4＋ion　in　the　　　　scribed・cubic　crystal　of　alkali　halide　were　computed　in　terms　ofso−cal且ed　�S・functions　or　free　rotator　functions．1）　It　　　皿．　Crystal価eld　and　orientation　symmetrywas　revealed　that　the　levels　observed　from　neutron　in−elastic　scattering2）are　due　to　the　orientation　with　C3v　　　　　　The　isolated　tetrahedra且unit　（ion　or　molecule）　insymmetry．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　host　ions　or　molecules　feels　the　field　which　depends　only　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　on　its　own　orientation，　that　is，　the　crystal　field．　It　can　be　　　Subsequently，　the　intensity　of　neutron　scatteringwas　ca且culated　for　three　types　of　rotational．tunnelingsystem　on　the　basis　of　orientationa且ly　localized　states　orpocket　state．3）　It　was　pointed　out　that　new　peaks　mightbe　found　in　E＞3me　V．（In　fact，　the　existence　of　addi−tional　levels　has　been　verified　recently　by　a　new　experi−ment　of　neutron　scattering．4）　　　Here，　the　relation　is　investigated　between　the　methodof　free　rotator　functions　and　the　apProach　by　pocketstates　to　proceed　with　more　quantitative　discussion．　Inthis　article，　the　octahedral　field　from　the　crystal　lattice　isexpressed　by　first　two　terms　in　the　expansion　in　SectionI［．It　is　possib且e　to　ca且culate　the　rotationa且energy　statesmade　up　by　free　rotator　functions．　Next，　from　a　differentviewpoint，　the　tunneling　ground　states　are　constructed　bylocalized　states　and　the　matrix　element　for　rotationaltransfer　is　formu且ated　anew　in　terms　of　th6　energy　levelsexpanded　into　octahedral　function　yn（ω）as　　　　　　y（ω）　篇Σ　　βnVn（ω），　　　　　　　（2．1）　　　　　　　　　　　　　　　nwhereωdenotes　the　Euler　angles　lα，β，γ｝　whichgive　the　orientation　of　a　tetrahedron．　The　coefficientβnhas　a　non−zero　value　so且ely　for　n＝4，6，8，10，……because　of　the　symmetry　of　tetrahedron　and　surroundinglattice．　It　is　confined　with　first　two　terms　since　theycontribute　to　the　most　significant　part．　The　quantumstate　of　hindered　rotation　under　the　octaheral　field　isgained　by　solving　the　eigenvalue　problem　for　theHamiltonian　　　　　H＝κ＋y（ω），　　　　　　　（2．2）whereκis　the　rotational　kinetic　energy．　The　computedenergy　will　be　given　in　the　unit　of　B，the　rotationaiconstant，　Thus，　the　rotational　states　can　be　studied　for　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コboth　tunneling　ground　and　librational　paft　as　a　function144of　field　str6ngths　β4and　β6．　　　　　　　　　　　■Bulletin　of　Nagoya　Institute　of　Technology　VoL　40　（19吊8）　　　　Next，且et　us　consider　the　orientation　of　a　tetrahedralunit　in　the　crysta亘field．　There　is　aぎroup　of　characteris−tic　orientations　that　have　an　equivalent　stafic　energy　andcan　be　distinguished　from　the　others　within　the　classi・cal−mechanical　point　of　view．　The　group　of　fundamentaiorientations　　is　　classified　　　into　　four　　　‘‘orientation・ymm・t・y”‘）・T、，　D、d，　C，。，　C、。，　Fi。g。re　2　in　reference．3）　depicts　equivalent　orientations　whose　Euler　angles　　　　　　　　　　　　　　　　　　　　　へare　shown　in　Table　l　of　r6ference　6）．　One　of　Td　typeis　a　standard　orientation　where　four　X−H　bonds　of　thetetrahedral　unit　XH4　direct　to　（111），（1−1−1），（一11−1），（一1−11）　of　the　cubic　lattiとe．　　　　　　α＝＜i　lHlj＞，　　　　　　　　　　　（3・1）Where　l　i＞or　I　j＞　isoneof　N。pocketstates．By　solving　the　eigenvalue　problem，　the　rather　simple．structure　of　orientational　leve旦s　is　gained　as　shown　inTable　2．　The　level　is　specified　by　the　symmetry　underTable　2．　Orientational　levels　of　the　tetrahedral　unit．type16velseigenva且ue／αdegeneracyTdE1　（A1）E2　（A2）　　1−111F2dE、　（A1）E2　（T2）E3　（E）　4　0−2132皿．　Tunneling　ground　states（・）Tんθ4‘s伽崩吻b‘θ（》珈僧伽伽伽・・励8伽扉θ‘4：　　4”　　　　If　the　crystal　field　is　quite　strong，　the　ground　part　ofrotational　energy　levelS　forms　tunnel　Splitting　levels．As　a　basis　for　such　an　orientatiOnal　3tate，　the　highly星ocalized　state　or　pocket　state　4ηis　available．　Each　typeof　fundamental　orientations　consists．of　N　o　equivalentorientations，　The　rotational　transfer　from　one　of　themto　the　other　produces　the　matrix　element　in　the　pocketstate　formalism．　The　shortest　path　between　distinguish・able　orlentatlons　may　give　the　most　important　part．C3vE1　（A1）E2　（T、）E3　（T2）E4　（A2）　　3　　1−1−31331C2vE1　（A1）E2　（T1）E3　（T2）E4　（A2）　4　　2　0−21335Table　1．　Number　of　equivalent　orientations　of　the　tet−　　　　　　　　　rahedron　in　an　octahedral　field　and　rotational　　　　　　　　　axis　and　ang豆e　for　the　shortest　transfer　be−　　　　　　　　　tween　two　orlentatlons．type　Noxissmallest　ang璽eα0／deg　cosαoTd　　　2　（001）D2d　6　（吻）C3v　8（011）C2v　　12　　（歩伽）90．062．838．D933．7　　　　　　1（2s−1）／4　　　　　7／9（2s十1）／8　　ρ2＝（5十2s）／17，　　　g2＝（7−4s）／17，　s＝（2）1／『　　ε2＝（5−2s）／17，　　　％2＝（7十4s）／17，Table　l　shows　the　axis　and　angle　for　such　a　rotationalpath　as　wen　as　the　number　No．　　　　The　matrix　element　for　the　rOtational　Hamiltonian　（2．2）　is　expressed　asgroup　O．　It　should　be　noted　that．C3v　and　C　2v　have　avery　similar　level　structure．　However，　the　next　procedureis　necessa士y　becuase　the艮ight　proton　atoms　in　XH4　haveanature　of　the　quantum一，mechanical　tunneling　motion．（b）　Tんθ画sだ�r痂曲αδ‘8σ7疹飢’ακの3伽ω1陀診η加4知∫万θ‘4：　　4（餌）　　　　When　four　protons　in母t『trahedron　are　labe且ed，　it　ispossible　to　construct　twe且ve　similar　orientations　usingoperations　under　tetrahedral　symmetry．　This　approachin　a　tetrahedra且　field　has　been　introduced　initially　byNagamiya7）and　revised　by　H｛il星er　et　al　8’9）．It　is　quiteeasy　to　extend　this　method　to　the　case　of　an　octahedralfield．　　　　Combining　the　above　two　categories　of　localizedstates　4”and　4（撹）．，　we　can　make　12　No　states　4．（鵡）as　abasis．　The　same　matrix　element　as　Eq．（3。1）　is　em−ployed　to　solve　th¢eigenvalue　problem　in　terms　of　d”（鋭）．The　energy　I　evels　for　each　type　are　seen　i耳Tables　3（a）一（c）．The　symmetry　under　OO　is　given　in　thesecond　colum江The．　energy　difference　between　the且owesttwo　且evels　is　fixed　at　the　experimεntal　value　for　theNH4＋　ion　in　solid　KBr2）and　the　other　energy　is　also名古屋工業大学学報　第40巻（1988）145Table　3．　Tunneling　levels　　　　　　　　　octahedral　field．（a）Td　（α＝一〇．1325　meV）of　the　tetrahedral　ion　anlevelSeigenvalue／α　君／mev　degeneracysame　for　the　rotation　by　angleαo．　In　other　words，for　thefixed　energy　difference，　the　potential　barrier　enhances　inthe　same　order．　Therefore，　the　tetrahedron　in　C3v　or　C2vis　subjected　to　the　fair且y　stronger　field　than　in　theothers．ElE2E3E4E5（A、A、）（TIT1）（EE）（T2T2）（A2A2）　6　2　0−2−60．00．5300．7951．0601。59059495　　　　Now，　the　eigenstate　is　formedstates．　When　it　is　given　aslm＞＝ΣS、．mli＞　　　　　　　iin　terms　of　localized（3．2）（b）D2d（α＝一〇．1840　meV）the　matrix　elementαin　Eq．（3．1）is　rewritten　as1evelSeigenvalue／α　E／mev　　degeneracyE1（AIA1）E2　（TIT1）E3　（EE，T2T2）E4　（A2T2，ET2，T2A2，T2E）E5　（TIT含，T2T1）E6　（TIT1）E7（AIE，EA1）　　81十。　　2　　0−21−c−40．00．5301．1051．4741．8422．0492．211　　　5　　　9　　　4，915636　，　　，　　，　　　9，9　　　9　　102α＝Σ　3i，　m　Sj，　m＊Em，　　　皿WhereE励is　the　energy　of　m・thdiagona星componentαas　wen　as　thecalculated　in　terms　of　the　energy　E掃．the　explicit　expressions．c＝（17）1／2（3．3）藍evel．　　The　off−diagonal　one　わ　is　　Table　4　gives（c）C3v　（α＝一1。2090　meV）Table　4．　Matrix　eiement　given　in　Eq．（3．3）using　the　　　　　　　　　eigenstates　　of　　tunneling　　levels　　for　　the　　　　　　　　　off−diagonal　part（α）　and　the　diagonal　part（b）．levelSeigenvalue／α　E／mev　degeneracyTdElE2E3E4E5E6E7E8Eg（A、A1）（TIT、）（T2EET2）（T2T2）（A2Tl，TIT2）（TIT2，T2T1，EE）（AIT2，T2A1）（TIT1）（TIE，ET1）Elo（T2T2）E11（A2A2）α　：（El−E5）／24十（E2−E4）／8b　：（E1十E5）／24十（E2十E4）（3／8）十E3／6　　　　3（1＋c）／2　　　　2（一1十σ）／2　　　　1　　　　0　　　−1　　（1−c）／2　　　−2（一1−o）／2　　　−30．00．5301．2091．7392．4183，6264．8355．5146．0446．7237。253　5　96，6　915．39，9，415，3　9　6，6　9　　5D2dα＝（E1−2五17）／72十［（1十σ）E2一（一1十。）E6］／64　　十E3（13／288）一E5／16b　：（El十4E7）／72十（E2十正＝6）／8　　十E3（13／72）十E5／4十E4／4C3vα　：（E1−E11．）／96十［（1十〇）（E2−Elo）十（一1十‘）（E4−E8）］／64　　＋（E3−Eg）／12＋（E5−E7）／48b：（£1十E11）／96十（E2十Elo十E4十E8）（3／32）　　十（E3十Eg）／8十（E5十E7）／16十E6（11／48）c＝（17）1！2σ＝（17）1！2evaluated．　Symmetry　C2v　has　the　same　leve且s　as　C3vexcept　for　the　degeneracy　of　the　highest　leveL　　　　The　smanest　rotational　angleαo　in　Table　I　de−creases　in　the　order　of　Td，．D2d，　C3v，　C2v．　This　reduc・tion　ofαo　corresponds　to　the　increase　in　No　It　seems　tobe　resonable　that　the　separation　of　tunnelihg　levels　in・creases　in　the　above　order　if　the　potential　barrier　is　the　　　　When　the　energy　of　tunneling　levels　in　Tables　3（a）一（c）is　used　as　E淋in　Eq．（3．3），　the　right−hand　side　ofthe　equation　in　the　table　becomes　exactlyα．　Instead　of　it，the　energy　computed　from　Eq．（2．2）is　adapted，　the　mat−rix　elementαfor　the　tunne且ing　leve且s　is　estimated　as　afunction　ofβ4and　β6．　The　contour　map　is　caiculatedwith∫truncated　at　14．　（1　is　a　rotational　quantumnumber．）　The且ower　left　region　in　Fig．1（a）corres．ponds　to　T　d　symmetry．1）It　has　a　quite．small　negativeva且ue　as　is　expected．　　The　T　d　type　of　tunne亘ing　sp且it．146B皿11etin　of　Nagoya　Institute　of　Technology　Vo1．40　（1988）（a）45β6／B（c）0．一45　　−4545β6／B0β4／B．こ§こ1．…．．』』』．．．．．“ミミミ　ニ．ミ…．．ち．、『．、’ミら　．¶、、切髪こ嚢§：§．．．こ当こ≡．r、　　　　　　　　　　　　　　　　　　　　、　　　　　　　　　’＼、、きN　「N§§§ミ§慧s〜−§、・iiミ、、醸ミi懸懸　　　　　　　x緊ミこミミiミ．蕊N’§、、濾§§爵　　　　　　　　　　　懸§懸簾045一45　　−45…萎萎…≡嚢萎難華妾妻雲華鍵三三馨　　　　　　　　　　　；．ジ〃託i2…．z　　　　　　　　多／　　　　　　　　　　　多家・i髪　　　　　　　　　　　　　　　　　笏　　．‘　　　．｛ミこ尾ヨ輯　ζ・．．　　　　ミミゴ彦≠　こ．Lミて、．§忌邑三三三．ケ　　　　ぴ　こ　ヘコ　　ロ　　　＼ミ蒙ii§華i　　　　　．慧（b）45β6／Bo　　　薦垂ミ・　　　　　　　　　還、　　　　　　　　　§・『　．　　　　　　ミ惑　兇i・・蚕．　　　　　　　　　・ll．心ミﾙll：1囎　、．羅三一45総Fig．1一45．乾／B．0　　　45　Contour　map　of　the　matri琴elementαin　Eq．（3．3）　on　β4一β6plan臼for（a）Td，（b）D2d，　（c）C3v．　The　used　energy　Em　is　obtained　from　the　eigen−　value　problem　for　the　Hamiltonian　（2．2）．procedure　is　proposed　although　it　ison且y　in　the　strong　field置imit．　It　is、n。色her　sy，t，m．10）1）2）β4／β045ting　is　realized　in　that　region．　In　Fig．1（b），　D2d　sym．metry　yields；in　upper　region　and．　the　value　becomessmall　absoluteiy．　　The　right　part　of　Fig．1（c）does　notgive　so　large　value　which　forms　the　tunneling　levels　withC3v　symmetry3）4）5）6）7）8）ReferencesN「．Conolusi6n　　　The　extreme正y　localized　state　has　a　tiny　wid重h　aboutrotational　angles．　The　ma乏rix　element．in　E9．（3．1）should　be．　estimated　froni．the　pocket．state　with　definitewidth．　However，　the　overlap童s　very．little　between　oneorientation　and　an　adjacent　ohe．　Thefefore，　the　estimateof　matrix．elemeht　is　subtle　problem　and　it　is　hard　to　de・rive　it　with　high　pr6cision．．In　this　artlcle，　an　alternative9）10）really　meaningfulavailable　for　theY．Ozaki，　K．　Maki，　K．0≧ada，　and　J．　A．　Morrison，　J．Phys．　Soc．　Jpn．54，2595　（1985）．A，Heidemann，　J．　Howard，　K．　J．　Lushington，　J．　A．　Mor−rison，　W．　Press，　and　J．　Tomkinson，∫J．Phys，　Soc．．Jpn．52，2401　（1981）．Y．Ozaki，　J．　Phys．　Soc．Jpn．56コ017　（1987），A．Inada，　and　J．　A．　Morrison（private　communication）．T．Yamamoto，　Y．．Kataoka，　K．　Okada，　J．　Chem．　Phys．66，2701　（1977）．Y，Ozaki，　BulL　Nagoya　Inst．　Tech，（Nagoya　KogyoDaigaku　Gakuho）35，．．99　（1983）　（in　Japanese）．TNagamiya，　Prog．　Theor．　Phys．6，702　（1951）．．A．．Holler　ahd　D．　M．　Kroll，　J．　Chem、　Phys．63，4495（1975），A．Huller　and　J．　Raich，　J．　Chem．　Phys．71，3851（1979），Y．Ozaki，　J．　Phys．　SocJpn．56，825（1987）．

