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Phonon line shape in disorderedA;Cg, (A=K, Rb)
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We present a calculation of thé, phonon self-energy for a model 85Cq, (A=K, Rb). The orientational
disorder of the g, molecules is included, and the lowest order self-energy diagram is considered. The calcu-
lations illustrate that due to the violation of momentum conservation by the orientational disorder, Raman
scattering can measure the decay of a phonon in an electron-hole pair, allowing the estimate of the electron-
phonon coupling from such experiments. Comparison with experimental line shapes further provides support
for a local correlation of the molecular orientations, with neighboring molecules preferentially having orien-
tations differing by a 90° rotatio}S0163-182€09)03333-(

[. INTRODUCTION Therefore, although Allen’s formula is the basis for deduc-
tions of A from Raman data, its validity for disorderédCq

It is essential for the understanding of the alkali-dopedhas to our knowledge never been explicitly tested. The pur-
fullerenesA;Cqo (A=K, Rb) to obtain reliable estimates of pose of this paper is to perform such a test.
the strength\ of the electron-phonon interaction. In metallic  In Sec. Il we present our model and the formalism, the
systems, such a&;Cqy, a phonon can decay in an electron- results are presented and discussed in Sec. Ill and we give a
hole pair. This decay leads to an extra width of the phononsummary in Sec. IV.
It was pointed out by Allehthat can be estimated from the

average of this extra widthy,) over all g vectors. This Il. MODEL AND FORMALISM
width can be measured in, e.g., neutron scatte%'iitgis, ) o )
however, not easy to extract accurate values bm such We consider a model which includes the partly occupied

experiments for . Raman scattering provides an interest-t1u band. There are thrae, orbitals on eaciCq, moleculei,
ing alternative, since it gives a high resolution and since th&hich are connected by hopping matrix elements
Raman-active modegA, and Hy) are the modes which 3
couple to the electrons in the partly fillegl, band. el_ , . o

In the context of the fullerenes, it was early pointed out : % mzzl #ty,Mims 2ty Yimo o (D
that for the ordered system energy and momentum conserv
tion forbids the decay of g=0 intramolecular phonon in an
intraband electron-hole pair excitatidnDue to the long
wavelength of the photons used in Raman scattering,
experiment would then not be appropriate for extracting
sinceq~0 phonons are excited;Cgq has, however, strong
orientational disorder, with each molecule taking essentially
randomly one out of two preferred directiohSchliter et al. HelPh= ¢
therefore emphasized that decay dfigphonon is neverthe- P
less possible, since conservation is violated,while the
decay of ag=0 A4 phonon is not possible It was later
assumed that the violation @f conservation is so efficient,
that Raman scattering actually measures an averagdt, of
phonons at albj vectors’ as assumed in the Allen formula. 2
Recently, however, the applicability of Allen’s formula was wherew,, is the a phonon frequencig;,, annihilates a pho-
anew put into questiof.lt was concluded that for a non with quantum numbeg on sitei, g is an overall cou-
g-independent interaction, there is no broadening ofdhe pjing strength and Vx% are dimensionless coupling
fO Hy mode, and that the broadening of_ this m_ode is entonstanti1° given by symmetry
tirely due to theg dependence of the coupling. This led to a
drastic reinterpretation of the coupling constants derived 1 0 O 1 0 O
from earlier Raman measurement&Explicit calculations ()
have been performed for orientationally disordered systems, viw=10 1 0)v30 -1 0], 3
but the broadening of thg=0 modes was not studiéd. 0 0 -2 0 0 O

(ijyomm’

?he orientational disordérhas been built into the matrix
elementst;jy,m, .17 We want to describe the coupling to
thighe intramolecular fivefold degeneratel; Jahn-Teller
modes. To describe the electron-phonon interaction, we use
the Hamiltonian
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0 1 0 0 0O 0O 0 1 We introduce the reduced Green’s function in momentum
vil1 o o] vilo o 1]yl 0 0 o, space
0 00 0 10 100 ~ 1 Q- (R—R:
) ) DM,W(Q’U’):NZ > ele® R')C” Wivjur(@), (9)
for u=1,...,5respectively. The electron-phonon coupling b
constant\ is then given by**° whereN is the number of molecules in the clustef, , the
) scattering coefficients with proper symmetry factors corre-
_ EN(O)g— (4) sponding to the specific experiment, as discussed in the Ap-
Wph pendix.

We compute the coefﬂuents" for Raman-scattering
experlments We consider electronlc transitions within the
t1, andt,4 bands, assuming that the photon energy is larger
han thet,,—t;4 splitting. To obtain a simple result, we
make the approximation that the hopping matrix elements
are small. Calculations using realistic hoppings give qualita-
tively similar results. Details of the derivation are given in
the Appendix. Then, we have an expression dgg which
gnly depends om,» and molecular orientations(i) at sites

where N(0) is the density of stateOS) per spin at the
Fermi energy. We have assumed thatkthemodes are local
Einstein modes with a local coupling to the electrons. Sinc
these modes are intramolecular and since the interaction b
tween the Gy molecules is very weak, these assumptions
should be very good. Actually, explicit calculations of the
phonon-dispersion curves for tig; modes find that the dis-
persion is extremely smalf

To describe the broadening of the phonon, we calculat
the phonon self-energy due to the electron-phonon interad: J: [o(i)==1]. . . . .
tion. We consider the lowest order self-energy, expressed in Bgtween molecules with the same orientation, icfi)
terms of the zeroth-order electron and phonon Green’s func- o(j),
tions. This is the formalism used by Allénin the present ¢l =1 (all w) (10)
case, the phonon energy is not much smaller than the band- Mot o
width and the validity of Migdal’s theorem is therefore ques-For o(i)=1,0(j) = —1,
tionable. Contributions beyond the lowest order self-energy - - y - -
diagram may, therefore, be important. The on-site Coulomb cli= —cly=—cdy= —cfs=cd,=1, (12)
interaction is large in these systems, which are believed to be
close to a Mott transitioh’ For simplicity, we have here and foro(i)==10(j)=1,
nevertheless neglected corrections to Migdal’'s theorem and
effects of the Coulomb interaction.

We diagonalize the electronic patf' of the Hamiltonian.  Finally,
The eigenstates are labeled ythe eigenvalues are, and
the corresponding zeroth-order electron Green’s function is cll =0, otherwise. (13
Gﬂ(w). The phonon self-energy is then

ij ij _ j _ Al ij —
cl=—cl,=—cll=cll=—cl,=1. (12

In the following we are interested B, ,(q=0,0), since

()=—iS S g g GG (w+ ') ?n Raman scattering the coupling isXQLBM,M(q=O,w), and
CYa/ 2 nmanm=n ’ N

’ (5)

1 ~
where o= (i u) labels a combined site and phonon degen- D% ) = NE > D, (). (14
eracy index andj,,, is the matrix element of the coupling to am
the phonona between the one-particle statesandm. The  In the g=0 phonon Green’s-function momentum conserva-
frequency integral can be performed analytically, giving  tion is considered, to the extent that it survives the orienta-
tional disorder. On the other hand, the usag®Bf? instead
« a fn—fn implies an assumption that the orientational disorder has
Ha,a’(w)zzg" gnmgnm—sm_SH_w+i 7’ ©) completely destroyed momentum conservation and that we,
therefore, can average over all momenta as in neutron scat-
where f,=1(e,) is the Fermi function,» an infinitesimal  tering. The spectral functions are defined as the imaginary
positive number. In the present calculation, we used part of the Green’s functions, i.ep,(q,0)=—(1/
=0.0004 eV, comparable to experimental resolutiamd 77)|m5W(q )

much smaller tham, ?”d Yph- Allen’s formula for the phonon broadening, [full width
The phonon Green’s functiod is given by at half maximum(FWHM)], can be derived from EqB6) in
the limit of w,,<W and by ignoring the momentum conser-

-1_ 07—-1_
D™"=[D7] II, @) vation, and it is given by
where a matrix notation is understood and the noninteracting 5 5
phonon Green'’s function is given by 7ph=—wgzwth(0)2=—Tr)\wShN(O) (15)
3 5 '
Dza/(‘”): 22&50“1, (8)  The phonon level shift estimated from the real part of the

2 . .
0" =gty self-energy can be expressed as
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800 T T TABLE I. Phonon level shifts and broadening from numerical
estimates and Allen’s formula. The numerical estimates are from
®,,=0.0542 — =0 E,=-0.323 fitting of q=0 spectral functior(see text and the estimates from
G ——- local E_=-0.323 gorq p
9=0.0359 — g0 E '°;0_0 Allen’s formula use Egs(15) and(16) with N(0)=6.2 per eV and
600 | ——- local E,=0.0 1 g=0.03eV.
Wph A(J‘)ph Yph Awpjien WAllen
§: 400 L | 0.03 —0.0076 0.00328 —0.0076 0.00217
o 0.04 —0.0064 0.00402 —0.0074 0.00290
0.05 —0.0063 0.00460 —0.0073 0.00362
0.06 —0.0062 0.00560 —0.0071 0.00435
200 1

broadened peaks due to energy and momentum conservation,
3 as will be discussed later.

0 - - The validity of Allen’s formula, Eq.(15), is explicitly

0.03 0.04 0.05 0.06 tested by changing the phonon frequengy,. Since the

© (eV) self-energy is trivially proportional t@?, we concentrated

FIG. 1. g=0 and local phonon spectral functions at different ON the linear dependence of,, on wy, for a fixedg. The
rotational energies. The local spectral functiédashed linesshow ~ numerical estimates for the broadenipg, and the level shift
structureless profile with the weak dependence on the rotationdhw are computed by fitting thg=0 spectral functions to a
energy. Theq=0 spectral functions significantly depend on the single-pole phonon spectral function
disorder structure of the fccgglattice.

Al
wz—wSMprh)z—Aw+iyph’

piit( @)= — Im( (17

’ 2 2
Awpn 2In2+ glweNO)I7|g™N(), (16 whereA is the total spectral weighf. Although the numeri-
cal spectral functions are far from being single-pole struc-
for a flat DOS. The second term in the bracket is the correctured, the peak position and the FWHM,;,, can be under-
tion of order (wph/\N)z. stood in an average sense.

The widths and shifts obtained from these fits are com-
pared with the results of Allen’s formula in Table I. In
Allen’s formula we have useN(0)=6.2 eV !, which is the

We have performed calculations for clusters with 256 at-appropriate value for our model 85Cgo. The coupling con-
oms on an fcc lattice and with periodic boundary conditionsstantg was set to 0.03 eV. We find that Allen’s formula is
We take into account the fact that neighboring moleculegeasonably well reproduced from the=0 spectral functions.
tend to antialigrt® due to the hopping integral being stronger The discrepancies between the numerical and Allen’s esti-
for such configurationst'® We control the randomness of mated values range within 20—409%, which we attribute
orientation by introducing an Ising-type nearest-neighbor anmainly to finite-size effects. The phonon broadening de-
tiferromagnetic interaction for the two preferred orientations,creased as the number of sites was increased. Also note that
i.e., En=N 12 0(i)o(j) with A being the number of 7¥pnh Shows a poorer agreement for small values «gf,
nearest-neighbor pairs. First we start from a truly randomwhere finite-size effects become more pronounced due to the
orientation and themnnealthe system to any desired ran- small number of particle-hole pairs with excitation energy
domness by using a ficticious temperature. Since the fcc laless thanwy,. Due to computational limitations, we have
tice is frustrated, there are many “antiferromagnetic” considered a maximum number of 256 sites although the
(AFM) states which minimize,, at E o min=—1/3. There- ~ convergence with respect to the system size is not good
fore, even a perfectly annealed system retains a certain dig¢nough for a systematic finite-size scaling analysis.
order, as can be seen in the electron density of states. Then We have calculated the Raman-scattering spectra for sys-
the phonon spectral functions are averaged over many sets &ms close to the local minima of antiferromagnetically or-
orientational configurations. dered orientations by using realistic parameters for the cou-

The phonon spectral functions for the scattering veqtor pling constantg obtained from the photoemission spectra
=0 and the localsummed over altj) spectral function are analysis’! We then discuss the relevance of our calculation
plotted in Fig. 1 for different orientational disorders. The to Raman scattering experimefitse have performed the
phonon line widths foig=0 (solid line9 and local(dashed calculations for the first twddy modes at frequencies of
lines) spectral functions are about the same over a larg€.0336 and 0.0542 e\270, 432 cm?, respectively and
range of disordetdifferent values ofE,,). This shows that have taken average over 10 sets of rotational configurations
the orientational disorder effectively breaks momentum confor E,,=—0.323, close to the AFM minima aE =
servation, and it supports the assumption that the Raman-0.333.
scattering experiment can give an estimate of the electron- For the first twoH, modes the fittedy,,'s are 13 and
phonon coupling. On the other hand, a calculation for a7 cm?® for wpp=270 and 432 cm!, respectively. These
periodic “ferromagnetically” ordered system gave two un- values differ by almost a factor of 2 from the experimental

Ill. RESULTS
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800 . doublet and triplet. For orientational configurations close to
the AFM minima, those for the doublet are skewed to higher
,,=0.0542 - o . ;
9=0.0359 energy giving the smaller contribution to the level shift while
those for triplets are skewed to lower energy leading to the
larger level shift. For random orientations, the two spectra
show essentially the same shape as the system size is in-
creased. _
. The imaginary part ofl, ,(0,w) represents the spectral
distribution of coupling ofuth phonon to electron-hole pair
excitations. More specificall, ,(0,w) can be written as
the energy spectrum of the state for the uniformly distorted
field, | (*)), due to theuth Jahn-Teller phonon mode

600 -

2
£

200 -

2
- mg
0.06 ImIL, ,(0,0)= TU%B (a8l ) 20w —eatep),
®(eV) (19

FIG. 2. Phonon spectral functions for realistic parametgr ~ where the summation is over the electron-hole pair states
=0.0542 eV andg=0.0359 eV forHy(2) mode. The thick solid |a,B) (e,> €, & g<eg With the Fermi energy¢) and
line shows theg=0 phonon spectral function as can be observed in
Raman scattering. The spectrum has underlying structures which ~ ~
can be resolved tg(]) two pegksandB by plotting );/)rogj]ected spectral |¢(M)>:, 2 ‘/'?movgrﬁ%’ ‘//im’0|o> (20
functions for each phonon modéthin lines. The local phonon fmme
spectral functior{(dashed lingshows no such underlying structure. with the noninteracting Fermi sg@). ~llfimu is the annihila-
For comparison, the peak positions for a completely ordered perition operator for the orbital pointing along tieth principal

odic lattice are marked by arrows. axis, not along the molecular orientation, i.€/m,= ¥ime

. _ . o for o(i)=1 and Yy, = tiye, Piye=— Yixe aNd Pize= i
estimates at 20 and 21 cth respectively’. This illustrates ST \Xo - Tlyor Tiyo o TiXo lzo - lzo
the fact that photoemission and Raman scattering give rathti,,cr)r o(i)= —1. The energy expectation value of the distorted

different estimates of the distribution of the coupling field can be related to the first moment of Iy ,(0.0) as
strength for the low-lying phonort€.The calculated Raman . ~
spectrum foH,(2) mode is shown in Fig. 2. The total spec- (pWIHp)) v JowImIl, ,(0,0)dw
trum can be resolved in two major peaks from the first two (] plr)y =0 I imIl (0.0)dw ’
(w=1,2 atA) and the last thréé (»=3,4,5 atB) modes of 0 popr =
the phonon. This leads to a spectrum which agrees reasowhereE, is the ground-state energy of noninteracting elec-
ably well with the low-energy part of the spectrum in Ref. 9,trons. As expected near the AFM local minima,
in the sense that the spectrum is strongly skewed towardsp®|H®| ¢(#))/( $(#)| $(#)) has a smaller value for the dou-
higher energies and has additional structures. This providdslet and a larger value for the triplet.
support for the beliéf**8that there is a local “antiferro- The Jahn-Teller phonon couples to the distortion of the
magnetic” correlation, since the agreement with experimenelectronic density. For the doublet modes, the phonons
is better than for the random orientation. The two narrowcouple to the density distortion along the principal axes, e.g.,
high-frequency peaks in the experimental spectrum seenfor u=1, (b, +b;;) couples to (i, + niy—2n;,), the distor-
however, to be beyond our treatment. tion elongated or squeezed along thexis. Similarly, the
To discuss the phonon level splitting into a doublgt ( triplet phonons couple to distortions along diagonal direc-
=1,2) and a triplet 4= 3,4,5), we define the reduced pho- tions inxy, yz, zx planes, e.g, fop.=3, (biT3+ biz) couples
non self-energy ag=0 in analogy to the reduced phonon o (n;—n;;) whereX,y axes are rotated from, y axes by
Green’s functiorD g=0,0) as 45° along thez axis. Therefore, the distortion fqr=3,4,5
tend to distribute more electrons along the in-plane diagonal
~ 1 i directions, which are the strongest bonding directiong fpr
I, (q=0w)= N; EV Cunllivjur(®), 18 orpitals in the fec latticd? Furthermore, upon the intersite
coherence close to AFM minima, the distortions from neigh-
which is the corresponding self-energy fﬁmyﬂ,(q:o,w) bors add up constructively along the strongest bonding direc-

(See the Appendix The real part ofil , ,(Owy) agrees tion to give the energy gain for the triplet phonons, leading

. . / ! to the skewedness toward the low energy.
very well with the phonon level shift previously obtained by It has been suggestethat the locally t?%)ken cubic sym-

fitting the spectral function fob, ,(0,0). The level shifts  metry, due to the orientational disorder, could lead to a split-
are better understood by investigating the imaginary part ofing of all five levels in theH,, modes. However, within our
IT, .(0,0), which, related to the real part by the Kramers- model, it seems unlikely that the local energy splittings sur-
Kronig relation, gives the excitation spectrum responsible foiive after averaging over all sites. Rather, the calculation
the perturbational level shift. Spectra of I, ,(0,w) extend indicates that the local energy splittings contribute to the
from O to the bandwidth and show different shapes for thebroadening of levels, not to collectivg=0 modes which

0
0.03

21

M,.u’(
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survive disorder. We observe that the first two peaks in the

experiment of Winteret al. could reflect states in isolated ‘\wi

Cso, since their observed energy shifts from the undopggd C \ n,w
values are too small compared to estimates of the phonon @, Wph
self-energy from the lowest order diagram and sometimes Lw+w;

even have different signs. Considering the narrowness of
these peaks, they could result from a many-electron molecu-
lar states, due to effects neglected an this study, and with a ,’
very weak coupling to the surrounding. /
an(?irars:#g\? ?_rheem :;[r?jng dctohrgrarséé?eﬁe.r:ezur:gzggﬁ kiz?gv FIG. 3. Effective photon-phonon interaction vertex. The incom-

. o y studi P : : w ing photon(dashed lineswith frequencyw; scatters to a photon
the c_)rlentatlon_al dls_order was descrll:_)ed by a relaxation rat€uiih frequencyw; — wy, by losing its energy to thetth phonon
leading to an imaginary self-energy in the electron Green’

. ; : %ode(wavy ling) with energywy,. The interaction is mediated by
function. However, the breaking of the translational symmesg glectrongthick lines labeled as,m,1) in the partially filledt,,,

try was not explicitly included, and momentum conservationyand and in the empti;, band in the solid. The filled dot repre-

was assumed in evaluating various diagrams. The orbital d&gnts the electron-phonon interaction with strengf, and the
generacy was also neglected. It was concluded that for @mpty dots the electron-photon dipole interaction.

g-independent electron-phonon coupling there is no broaden-

ing of aH4 phonon and that the broadening is entirely due to ACKNOWLEDGMENT

the dependence of the coupling on the anglg.oThis is in

strong contrast to the results above, where we find that a This work has been supported by the Max-Planck-
g-independent coupling gives a substantial broadening, prd=orschungspreis.

vided that the violation of the translational symmetry is in-

Wi — Wph m,w + Wpp

cluded explicitly. As was discussed in Sec. Il, thelepen- APPENDIX: COEFFICIENTS ¢! FOR RAMAN
dence of the coupling should be very weak, and the effect SCATTERING n
discussed in Ref. 8 not very important.
Aksenov and Kabandwvere not able to obtain the angu-  In the Raman-scattering experimeqt0), the incoming

lar dependence of the coupling constants and therefore thdight with energyw; is scattered by losing the energy @f;,

could not deduce the absolute magnitude of the couplingo the phonon in the solid. Following Quaagal.,23 we treat
constants from Raman experiments, but instead estimated tiige photon classically. The scattering riféo; , wpr) With a
relative coupling constants from Raman experiments. To obpolarization vectop can then be expressed as

tain absolute estimates, they used coupling constants

deduce® from photoemissioft for a free G, molecule and

arbitrarily assumed that the coupling constant to the lowest ,(w;,wy) o >, 1M D, 4 (wp) oW 0 h?, (Wi, 0 *,
mode is correct. Had they instead, equally arbitrarily, as- a,a’

sumed that the coupling to the third mode is correct, all (A1)
values of\ , would have been about a factor of 2 larger and D . ) -

if they had assumed that the deduf%bupling to the eighth  Wherehg(wi,wpy) is given by, as depicted in Fig. 3,
mode is correct, all couplings would have been zero.

ho (Wi, oo = 2 GinPRPh f doGy(w)Gp( @+ wg)
IV. SUMMARY o

0
We have demonstrated that because the orientational dis- XG0+ o), (A2)

order breaks the momentum conservation, Raman measure- ) 0 )

ments of theH, modes in theA;Cgo should see a broadening With matrix elementsy, of the dipole moment operator at
due to the decay in electron-hole pairs. This enables Ramai€ Polarizationp between noninteracting electronic eigen-
scattering experiments to derive electron-phonon couplingtatesn andm. We consider the transitiortg,—1,4, since
strengths. Furthermore, the explicit calculation shows thath€se transitions have large dipole matrix elements. Since a
the width of thisq=0 mode is not very different from the typical frequency of the light source is a few eV, and the
g-averaged width, where the latter is described by Allen’stiu—tig splitting is only aboutA;~1eV, transitions to
formula. We further find that the local “antiferromagnetic” higher states may, however, also play a role.

correlation of the molecular orientation is important for ob- We make an approximation tof,(w; ,w,,) where the in-
taining the nonsymmetric line shape seen experimentalljtermolecular hoppings are ignored due to their relatively
This provides support for such a local correlation actuallysmall bandwidth. Then, the indices in the integrand in Eq.
taking place in the real system. This leads to a large splittingA2) refer to orbitals on the same site. Since the three orbit-
between a twofold and a threefold degenerate componendls inty, or ty4 orbitals are all equivalent and the integral
Experimentally additional structures are seen which are no#epends on the indices only through their energies, the inte-
reproduced by the present calculations. It would, thereforegral is only a function ofw;,wp,,A¢. Furthermore, since

be interesting to include corrections to Migdal’s theorem bew;>W and w,,<W with the bandwidtiw~0.5eV, we ig-
yond the present calculations, and effects of the Coulomimore thew; ,w,, dependency i (w; ,wpr). Now factoring
interaction. out the integral, we have
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with D, , defined in Eq(9).
Now, we look for the Dyson equation corresponding to
the reduced Greens functicfmyyy(q,w) atq=0. We can re-

hi(wi.wph)— E viapP PP (A3)

where the matrix element8h, in Eq. (A2) are reduced to

. . e write D, ., by splitting the coefficient matrix!)  as
matrix elements between local orbitald at sitei, PP, twjv OY SPITING Y
We denote the three,, andt;; molecular orbitals as ~ i - j
X,Y,z, as in Ref. 24. For the first type of orientation, we can D=2 €, Div j= > T Dint jor Ty
easily understand from the symmetry of,@nolecules that v vy (A12)
PPy=Pz, Ply,=Px, Pl,=py (orient. 1) (A4) where7,, is the 5X5 matrix defined as the unit matrix for
for a polarization directionp=(p,,py,p,) with |p|=1 o(i)=1 and

Similarly for the second type of orientation, we only need to 1 0 0 0
rotate the molecule 90° along tleaxis, which gives 0 1 0
PPyy=Pz, PPy.=—py, PP=px (orient. 2. 0 0 -1 0 0| foro(i)=—1
(A5) ’
0 O 0 0 -1

Note thatPP  ,=0. Therefore, leaving out common factors,

we can write using Eq(3), 0 0 o0 1 O

and7 =(7) 1. Now employing the matrix notation for the
hfy(Wi 0 =PX+Pj—=2p;, PL+Py—2p;,  (A6)  gpital indices.

(Wi, wpn) =V3(p5—p3), —V3(pi—p3), (A7)

Djj=7| D%;+D° 2 11Dy | 7 (A13)
hipS(Wi vah)zz‘/jpxpyy _Zﬁpxpyy (A8)
hip4(Wi vah)zz‘/gpypZ! 2‘/3pr>(! (Ag) =D05ij +Dozk ?Hika;kajTj (A14)
hip5(Wi vah)zz‘@pszv _2‘/§pypzr (A10)
where the first expressions on the right-hand side are for =D0;+D%> 11Dy, (A15)
molecules of orientation of type 1 and the second are for .
type_ 2. b o with the reduced self—energﬁm j»(w) defined as
Finally, we take average dﬁfip'uhj L over the polarization ’
directions, i.e.,(hf,h? )= (dQ/4m) hf,h" . Defining -3 i AL6
¢! ,=%(hP.h .}, we obtainc as given in Eqs(10)—(13) Mip v = Cpuw vt o (A16)
/F]#’ AN :
Then Finally, by taking the summation over site indice$, we
~ obtain the reduced phonon self-energly,,(q=0,w) for
| i ImD All ~ wy
(Iolorom)p= 2 MBoalog) (ML) 5% o s ka9,
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