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The study of vibronic transitions within a single degenerate electronic state of the system 
ZnSe:Cr, i.e., transitions between the various sheets of its adiabatic potential, allows us not only to 
draw definite conclusions about the role of quadratic terms in the vibronic interactions (VI),  but 
also to estimate the absolute values of the linear and quadratic IV constants. In this article we first 
direct our attention to the role of non-fully-symmetric VI terms in the formation of the vibrational 
spectrum of an impure crystal; we then show that taking these terms into account leads to a 
nontrivial renormalization of the vibronic spectrum. We note that the presence of even a 
relatively weak quadratic VI of the type under discussion can significantly renormalize the linear 
VI. We establish the connection between the local dynamics of the system under discussion and 
the character of its VI, and discuss experiments which could refine the choice of the parameters 
which characterize the VI. 

As a rule, the local dynamics of crystal lattices with 
defects and the vibronic interactions (VI) in these crystals 
are investigated independently, although there are a number 
of effects which demonstrate that these effects interact 
strongly. The change in phonon density due to changes in 
masses and coupling constants has a significant effect on the 
strength of the vibronic coupling. On the other hand, qua- 
dratic terms in the VI determine the change in the coupling 
constant strength and thereby affect the local lattice dynam- 
ics. 

Up to the present time, investigations of local dynamics 
which involve nuclear motions which are not fully symmet- 
ric relative to the defects have taken into account only fully- 
symmetric combinations of the quadratic VI terms. How- 
ever, as we show below, the partly-symmetric combinations 
of these terms also have a significant effect on the local dy- 
namics with regard to the static Jahn-Teller effect (JTE) . In 
this work, we draw conclusions about the role of quadratic 
terms in the VI of the ZnSe:Cr system, which exhibits a static 
(tetragonal) JTE in the 5T2 ground state of the tetrahedral- 
ly-coordinated Cr+ ion (Refs. 1,2),  form an analysis of the 
optical transitions between equivalent minima of the adiaba- 
tic potential; in addition, we study the influence of these 
terms on the local dynamics of the crystal and on the 
strength of its vibronic coupling. 

As a result of interaction of the Cr+ ion in its 5T2 state 
with the tetragonal e-vibration, the tetrahedron of ligands of 
this ion is compressed along one of the rotation-reflection 
fourfold axes, lowering the symmetry of the center from Td 
to D2, (the static JTE). When the VI are treated in linear 
approximation, the adiabatic potential of the vibronic sin- 
gle-mode T-e problem in the space ofsymmetrized shifts Q,, 
Q, of the atoms in the immediate vicinity of the Cr ion has 
the form of three intersecting paraboloids with minima at 
the points: 

where a is the vibronic coupling constant with the e-vibra- 
tion, and w, is the oscillator frequency; see Fig. 1 (a ) .  In Fig. 
1 (b)  we show a cross section of the surfaces of the adiabatic 
potential in the plane Q, = 0; the symmetries of the two 
sheets of the potential in the group D2, of the tetragonally 
distorted center are 5B2 and 5E. Transitions between the low- 
er and upper sheets form a wide infrared absorption band, 
which was first observed in ZnSe:Cr crystals3 and was inter- 
preted in terms of a linear harmonic-oscillator model. In 
Ref. 3, certain parameters of this center (the Jahn-Teller 
energy and the oscillator frequency w,) were determined by 
comparing the first and second moments of the shape func- 
tion of the experimental spectrum with calculated values. 
This determination was incorrect, since the method of mo- 
ments in its tranditional form turns out to be inapplicable to 
situations where the spectrum, as is the case here, starts at 
zero frequency. It is well-known that moments of the spec- 
tral distribution are determined by differentiating a generat- 
ing function with respect to time and evaluating the deriva- 
tive at t = 0; this method does not require any knowledge of 
the spectral curve. If, however, the shape function is only 
determined for positive frequencies, then calculating the 
moments is just as difficult as calculating the spectral distri- 
bution. Furthermore, the authors of Ref. 3 did not include 
contributions from stimulated emission, which are relevant 
in the low-frequency region of the spectrum. A single-mode 
model was also used in Ref. 4 for analyzing the low-tempera- 
ture infrared absorption spectra in the crystals ZnS:Cr, 
ZnSe:Cr, ZnTe:Cr, and CdTe:Cr. 

We also note that although the single-mode model used 
in Refs. 3,4  does make it possible (with the proviso that our 
earlier remarks are taken into account) to determine the 
shape of the absorption band under investigation and its 
temperature evolution, it also eliminates any possibility of 
relating the information obtained from such an investigation 
to the local dynamics of the system under study. This rela- 
tion can be established only by carrying out an investigation 
of the Jahn-Teller problem which includes the real vibration 
spectrum of the system. We present such an investigation in 
what follows. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

We investigated a crystal of ZnSe:Cr with a chromium 
content of 4.3. 1019 crnp3, grown from melt under an argon 
overpressure. The activator was introduced into the original 
material during growth in the form of the compound Cr2S3. 

The transmission spectra of the sample under investiga- 
tion in the region of wave numbers G= 500-5000 cm- ' were 
recorded on a Fourier spectrometer; the transmittivity was 
then converted into an optical density, using a computer 
which was built into the apparatus. The temperature depen- 
dence of the transmission coefficient in the temperature in- 
terval T = 8-400 K was measured using a helium cryostat. 
In order to improve the signal to noise ratio, we carried out 
measurements of 100 spectra. 

As an example, we show in Fig. 2 the absorption band 
connected with transitions between sheets of the adiabatic 
potential associated with the term 5T2 for T = 77 K and 293 
K. The intense absorption for +< 500 cm-' is caused by 
second-order lattice absorption. The spectra for tempera- 
tures below room temperature are due to fine sheets (appar- 
ently several atomic layers thick) of ice in the surface of the 
sample. In order to identify the bands which are ice-related, 
we replaced the sample with the material KRS-5, which is 
transparent in the spectral region under study. We first ob- 
tained the transmission spectrum for a sample after lengthy 

FIG. 2. Experimental (solid line) and calculated (dashed line) 
spectral dependence of the IR absorption coefficient K ( ? )  for 
(a)  77 K; (b) 295 K. The arrows show the most intense lines of 
the ice absorption. 

FIG. 1.  (a)  Adiabatic potential for the single-mode T-e prob- 
lem, and (b) the cross-section of its surface in the plane Q, = 0. 

pumping on the vacuum. We then lowered the vacuum in the 
cryostat even further and recorded the transmission spec- 
trum under these conditions. The ratio of these spectra gives 
information about the absorption bands of ice. 

In addition to the wide structureless band at G z  500- 
3000 cm-' in the absorption spectrum of the system under 
study we observed a narrow line at G = 598 cm- ' (for T = 8 
K) ,  which is the first overtone of the local vibration of impu- 
rity S atoms in the crystal ZnSe. The characteristic feature of 
the band is the dependence of its shape on temperature, in- 
cluding the position of its maximum (Fig. 3 )  and its asym- 
metry. 

It is well-known that the VI which are linear in the te- 
tragonal modes cannot give rise to the experimentally-ob- 
served temperature-dependent shift in the maximum of the 
shape function of the band.5 For the explanation of this shift 
in the band maximum, it is necessary to invoke one of the 
following interactions: linear VI with the trigonal t, modes, 
which, depending on the interaction strength, can give rise 
to the dynamic JTE; the spin-orbit interaction, which also is 
nondiagonal relative to the tetragonal basis and likewise can 
change the character of the JTE; VI which are quadratic in 
the e-modes; and the higher-order VI (quadratic-trigonal 
and cubic-tetragonal) . 

Interactions with the trigonal t, modes are dynamic, 
and as a result are suppressed by the linear static interactions - - 
with the e-m~des.~, '  This suppression is analogous to the 

FIG. 3. Experimental (vertical segments) and theoretical (solid line) 
values of the position of the IR absorption maximum as a function of 
temperature. 
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Ham factors which are introduced in the first- and second- 
order vibronic reduction of electronic quantities.* Since the 
interactions with the t-modes are suppressed by linear inter- 
actions with the e-modes, they must be effectively weak. 
Thus, in our situation we must first of all take into account 
the quadratic interactions with e-modes and only then the 
dynamic VI as necessary. 

The second of the mechanisms listed above also can be 
discarded, because the spin-orbit interaction constant equals 
zero in the 'T2 ground state of the Cr2+ ion.' 

As we show in this work, the temperature evolution of 
theabsorption band connected with transitions within the T- 
term are satisfactorily explained by taking into account qua- 
dratic vibronic interactions with the e-modes. 

THE SHAPE FUNCTION OF THE SPECTRAL CURVE 

The optical absorption coefficient K(w) has the follow- 
ing form, to within constant factors: 

Here and below we will set f i  = 1. The shape function for the 
transition has the form 

f (o) =0 (o) 9 dt e-'"'(dtd ( t )  >. 
- - 

Here, d is the dipole moment operator, while d ( t )  is the d- 
operator in the Heisenberg representation: d ( t )  = exp(iHt) 
d exp( - iHt); the angular brackets denote statistical aver- 
aging. Our definition of the shape function differs from the 
usual one5 since we have separated out the factor 

The Hamiltonian H for this impurity-phonon system, 
including the relevant VI terms, has the form 

+ ".'w ~ q x q d { ~ E e [ a , ( ~ E ) a , ~  (Ee) -a~(EB)ax '  ( E B )  1 
x x '  

where H, is the phonon Hamiltonian, q, and p, are the 
coordinate and momentum of the xth vibration: (Ey) 
( y  = 0 , ~ )  are the Van Vleck coefficients, C,, is a matrix of 
electronic operators which transform according to the yth 
row of the irreducible representation E in the basis of unper- 
turbed functions of the T-term5 (C, , is the unit matrix), 

V, is the VI operator which is linear in the e-modes, a is the 
dimensionless constant for this interaction. The VI operator 
V e ~ ,  which is quadratic in the e-mode, consists of two terms, 

one of which contains the fully symmetric combination of 
symmetrized nuclear displacements, while the second con- 
tains the partly symmetric combinations which transform 
according to the 0 and E rows of the E representation (the 
symmetrized square CE ') = A1 + E) .  The corresponding 
dimensionless vibronic coupling constants are denoted by c 
(for the fully symmetric combination) and W( for the partly 
symmetric combination). 

The linear interaction with the e-modes for the ground 
state of the CrZ+ is quite strong," and leads to the static JTE. 
If we limit ourselves to including only this interaction, the 
derivative of the optical transition function (d +d(t)  ) can be 
calculated exactly with the help of standard methods of mul- 
tiphonon processes5; the resulting f(w) has the Pekar form, 
whose maximum, as is well-known, does not shift with a 
change in temperature. The exponential term in the absorp- 
tion coefficient ( 1 ), which describes the induced processes, 
causes a high-frequency shift in the maximum with increas- 
ing temperature, which is also observed in experiment. How- 
ever, since the frequency of the maximum satisfies w, - lo3 
cm-', this shift mechanism cannot play a significant role in 
the temperature range under investigation. Thus, linear VI 
with the static tetragonal modes cannot explain the experi- 
mentally observed dependence of the absorption coefficient 
curve. An exact calculation of f(w ), taking into account the 
VI with the leading terms for the interaction with the static 
modes, is impossible; therefore we will use an approximate 
method, which we describe in what follows. 

Let us introduce the quantities a,, equal to 

We will call these quantities "moments," although the 0, 
are actually moments not of the real spectral distribution 
f(w), but rather of a distribution in which f(w) formally is 
continued into the region of negative frequencies. Knowl- 
edge of these moments allows us to recover the form of the 
desired distribution by using the well-known Edgeworth se- 
ries9; this distribution coincides with f(o) in the region of 
positive frequencies. We will use the first three terms of the 
Edgeworth series. 

Let us note once more: the moments computed using 
Eq. (4) must not be directly compared with the experimen- 
tal moments of the curve K(o)/w, as was done in Ref. 3. 

QUADRATIC VI WITH THE TETRAGONAL MODES 

We investigate the way the quadratic VI with the e- 
mode affects the spectrum. By virtue of the statistical char- 
acter of the interaction, the problem of describing the form 
of the IR absorption under study is analogous to the problem 
of calculating singlet-singlet optical transitions which are 
accompanied by variation of the equilibrium positions of the 
nuclei and by the "frequency effect".I0 By the "frequency 
effect" we mean phenomena connected both with the differ- 
ence between frequencies of the normal oscillations in the 
initial and final states, and with the absence of a general 
system of normal coordinates for these states. In Ref. 10, 
general expressions were introduced for the generating func- 
tions and for the moments. However, computations of the 
generating functions using Eq. (3.11 ) of Ref. 10, taking into 
account the phonon dispersion, cannot be carried through to 
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numerical values, even when the frequency effect possesses a 
local character, i.e., when the problem of finding the rede- 
fined spectrum is exactly soluble. In connection with this we 
will use the method with the modification proposed above 
for describing the shape-function: for w > 0, 

where N is a normalization factor, x = (o - 0 , ) ~ ;  
q ( x )  = exp( - x2/2), 

and cr, is the nth centered moment of the distribution which 
corresponds to continuing f(w) (see Eq. 2) formally into the 
region of negative frequencies. 

Let us calculate the moments entering into (5), (6). 
For this we introduce the retarded phonon Green's func- 
tions for the initial and final states of the transition, corre- 
sponding to the electronic states 1 T2c) and 1 T2{) (by virtue 
of the symmetry of the problem, it is sufficient to calculate 
the contribution to K(w) of the transition between these 
states) : 

Here, a, is the two-dimensional unit matrix, and Slb2 and 
flg2 are the dynamic matrices for the system in the electronic 
states I T,c) and IT2{): 

h 

The matrices 2, ;I, and B are given by 

A =( a (E0)  @a (E0)  
0 -a ( E e )  @a ( E e )  

Here a(Ey) e a(Eyl)  denotes the direct product of the Van 
Vleck vector coefficients. The poles of cb and cc give the 
phonon spectrum renormalized by the quadratic interac- 
tion, while their imaginary parts are proportional to the re- 
normalized phonon densities of states. 

According to Ref. 10, the first moment f l ,  equals 

where Xc,  Xg are the coordinates of the minima of the adia- 
batic potentials in the states / T,c) and I T2{) over the sets 
a,(E@q,, a, (E&)qx:  

Substituting (1 1)  and the expression for Slf from (8)  into 
( lo),  we find 

A 

Let us zxpress Sic ' c t h ( ~ 6 ~ / 2 )  through the imaginary 
part of Gg : 

Introducing the renormalized density of states p (x) ,  which 
equals 

we obtain 

Substituting ( 1 3 ) ,  (8 )  and (12) into expression ( l o )  for R, ,  
we find that 

h 

i.e., 0, is expressed through the imaginar~ paxt of Gc. We 
can also express the higher moments using G*, Gg . Thus, the 
pr%ble~;? of computing the moments reduces to a calculation 
of G*, Gc. These Green's functions can be calculated exactly 
as a consequence of the local character of the quadratic VI. 
The latter is manifested explicitly in the configuration space 
of nuclear displacements and leads to the fact that the system 
of equations for the Green's function is finite in size. 

In wave-vector spaceihe local *ratter is manifest in 
the fact that the m:tri~s A,  2, and B, which enter into the 
dynamic matrices Sl,? Sl,?, possess the properties of projec- 
tions 

where 

h A 

The above properties allow us to calculate G, and Gg . 
Omitting the transformation, we present the final expres- 
sions: 

&=Go+ { W ~ ~ A ~ , +  [ E +  (w'-E')Do] Go*Go) 

X [ ( ~ - E D , ) ' - W ' D Q ~ ] - ~ ,  
- 

G ~ = G ~ - { ' I Z W G , B G ~ -  (1312) w G ~ ~ G ~  

- [ E +  ( w Z - ~ ' ) D o ]  G O B G O )  [ ( I - E D ~ ) ~ - W ' D O ~ ] - ' .  
(16) 
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In the electronic state I T,L), the modes which trans- based on the best agreement between the calculated and ex- 
form according to the 8- and &-rows of the E-representation perimental temperature shifts in the maximum of the spec- 
are orthogonal to each other, which allows us to introduce tral curve for the absorption coefficient. It was found that 
the symmetrized Green's functions: two significantly different choices of these parameters corre- 

spond to the minimum mean-square deviation: 
D e = ( a ( E O ) ; O ) b ,  ( ) = 

Do 
I-D,(w+e)" a12=t4.5, cl=O, W1=0.35, (23) 

Introducing the normalized projected density of states 

( y  = 8, E ) ,  we obtain the final expression for fl,: 

where 
rn 

@x" 
ST = J ~ X X - " ~ ,  ( x )  cth - 

0 2 .  
Analogously, we calculate all the higher moments. We 

also have obtained an expression for the fourth moment, 
which was not given in Ref. 10. In view of its cumbersome- 
ness, we present only the final expressions for u,, u, and 
0, - 3 ~ , ~ ,  retaining only terms which are proportional to 
the square of the e-mode linear coupling constant a ;  because 
the inequalities c, W<a hold in our case [in (19) terms 
proportional to Ware retained, since the entire effect of the 
temperature dependence of fl, is due only to these terms] : 

Here, 
rn 

Ox" 
I7 = Idxx"pT ( x )  cth --;- 

In order to calculate the renormalized phonon density 
of states which enters into Eqs. ( 19)-(22), we calculate the 
bare projected density of e-vibrations (relative to the cation 
position) for the crystal ZnSe; the calculation is carried out 
using a ten-parameter shell model of the lattice dynamics." 

The parameters for the linear and quadratic VI (a ,  c 
and W) were determined by the method of least squares, 

In Fig. 3, we show the calculated curve for the tempera- 
ture shift of the maximum in the absorption band for the 
choice of parameters (23): the curve for choice (24) differs 
from it only very slightly. The agreement between the ex- 
perimentally and theoretically determined shifts can be con- 
sidered good. We may also consider the agreement between 
the experimental and theoretical spectral curves (Fig. 2) 
fully satisfactory, especially if we take into account the fact 
that the method we are using to calculate the shape of the 
spectral curve (the Gram-Charles-Edgeworth series) is sig- 
nificantly less accurate on the wings of the curve than it is 
near the maximum. 

THE EFFECTOF LOCAL LATTICE DYNAMICS ON SPECTRAL 
PHENOMENA ASSOCIATED WITH THE JTE 

Let us investigate the influence of the quadratic VI on 
the local dynamics of the system under study, and discuss 
the physical nature of the two situations (23) and (24), both 
of which describe the IR absorption spectrum equally well. 

In Fig. 4 we denote by a the bare projected density of 
tetragonal vibrations in the crystal ZnSe, i.e., the vibrations 

FIG. 4. (a)  Projected density of the e-vibrations of the anion in the ZnSe 
crystal; (b )  Renormalized densities of the 0 and E components of the 
ligand displacements of the impurity Cr2+ ion (the solid and dashed lines, 
respectively); ( c )  Total density of tetragonal vibrations in the ZnSe:Cr 
crystal. 
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which possess e-symmetry relative to the cation position; by 
b the renormalized densities for the 6 and E components of 
the symmetrized displacements of the ligands around the 
Cr+ ion for the choice (23); by c the total density of tetra- 
gonal vibrationsp, + p, . The change in the spectral density 
of the 8 and E components is determined by the signs of the 
corresponding combinations of strength constants c + W 
and c - W. A positive sign of these combinations leads to an 
increase in the strength constant and to a displacement of the 
corresponding density in the high-frequency region up to the 
appearance of local vibrations. The negative sign of c + W 
redistributes the densities p, and p, in the low-frequency 
region, which can result in the appearance of low-frequency 
quasilocalized modes. For such values of the parameters c 
and W, when one of the combinations is positive while the 
second is negative, the total density can have a very unusual 
form. In particular, by using the choice (23) for this system, 
we simultaneously see both a low-frequency (Gz45 cm-') 
and a high-frequency ( G z  240 cm- I )  quasilocal mode in the 
vibrational spectrum-a situation which is excluded when 
only the fully symmetric terms of the quadratic VI are in- 
cluded. 

Since c, = 0, c2-0, and W, =, - W2, in going from 
choice (23) to choice (24) p, and p, practically change 
places, so that the total density of tetragonal vibrations re- 
main almost unchanged. Therefore, for the present system 
the vibrational spectrum in each of three equivalent minima 
of the adiabatic potential does not depend on the sign of W. 
However, this sign determines the shape of its adiabatic po- 
tential. The qualitative dependence of this shape on the sign 
of W can be investigated within the framework of a single- 
mode model, once we replace the real spectrum of the e- 
vibrations of a perfect crystal by one two-dimensional oscil- 
lator with frequency a,, which, interacting with the Cri ion 
in the 'T2 state, is split into one-dimensional oscillators with 
frequencies o, and o, which are renormalized by the qua- 
dratic VI: 

The coordinates of the adiabatic potential minimum along 
the Q, axis are 

In Fig. 5 we present the cross-section of the adiabatic 
potential for this single-coordinate model in the plane paral- 
lel to Q,, Q,, for zero, positive and negative values of the 
parameter W. For W #O, the circular paraboloids turn into 
elliptic paraboloids; Fig. 5 shows the dependence of the equi- 
librium positions and orientations of these elliptic parabo- 
loids on the sign of W when we include the incompletely 
symmetric quadratic VI terms. It is clear from Eq. (25) that 
for W< 0 the effective frequency w ,  decreases while the vi- 
bronic coupling with the 8-mode is amplified; these effects 
result in a large shift in the equilibrium position. Physically, 
this result is understandable: the smaller the oscillator fre- 
quency, the larger the equilibrium position shift that results 
from a given coupling. The opposite situation arises for 
W >  0. 

It is natural to choose the heat release as a parameter 
which characterizes the magnitude of the vibronic coupling. 
We measure this quantity using the square of the effective 

FIG. 5. Cross section of the adiabatic potential for the single-mode T-e 
problem, taking into account the quadratic incompletely symmetric VI, in 
the plane parallel to Q, , Q, ; the dashed lines are for W = 0, the solid lines 
for W <  0 and the dotted-dashed lines are for W >  0. 

vibronic coupling constant: 

This parameter has practically the same value aeR2 - 6 
for the two choices of parameters (23 ) and (24); at the same 
time, the physical situations corresponding to these choices 
are quite different. In the first case, i.e., (23), the very strong 
bare linear static (tetragonal) JTE is considerably weakened 
due to the increase in the effective frequency which deter- 
mines the positions of the adiabatic potential minima-see 
Fig. 5. In the second case, i.e., (24), there occurs a still more 
significant amplification of the vibronic coupling, which 
transforms the static JTE with intermediate coupling 
a2 = 0.9 into strong coupling. 

Analysis of Eqs. (19)-(22) shows that the following 
three combinations of parameters for the linear and quadrat- 
ic vibronic couplings enter into these expressions, which de- 
termine the shape of the spectral curve for the intersheet 
transition: a2 W/( 1 + 2 W)2, a2 / (1  + 2 W )  and 
W2( 1 - 4 W2); out ofthese three, the first two depend on the 
sign of W, while the last one does not. These parameters also 
describe how the local dynamics of nuclei in the immediate 
vicinity of the center affects the magnitude of the vibronic 
coupling. We note that they are in no way connected with the 
single-coordinate model used to describe the effective cou- 
pling constant (26). 

In order to choose one of the two sets (23) and (24) of 
vibronic constants, it is necessary to analyze thoroughly 
those experiments in which the projected density of states, 
which determine the shifts in the adiabatic potential minima, 
could manifest itself. One such experiment could be the mea- 
surement of the luminescence spectrum of the E-  T, transi- 
tion in the ion Cr2+ (Ref. 12), which has a quite well-ex- 
pressed vibronic spectrum in contrast to the completely 
structureless absorption curve connected with transitions 
within the 5T2. In addition, experiments involving nonreson- 
ant Raman light scattering induced by impurities in the 
ZnSe system could turn out to be extremely relevant in this 
regard; such experiments can give information about the 
low-frequency spectrum, which in our experiments was 
masked by characteristic lattice absorption. Furthermore, 
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we expect a very characteristic polarization dependence in 
the Raman scattering spectrum connected with the two pos- 
sible symmetries T, and E of the tensor electronic polariza- 
tion. In the first case, the Raman scattering in practice must 
coincide with the wide structureless band of the IR absorp- 
tion under study; in the second case, it must describe the 
processes of single-phonon absorption within one of the 
minima of the adiabatic potential, i.e., must reproduce the 
shape of the renormalized vibrational spectrum 1/2 (p, 
+A) .  

CONCLUSION 

In summary, our investigation of the temperature evo- 
lution of the IR absorption band connected with transitions 
within the 5T2 term has allowed us to obtain quite complete 
(although somewhat ambiguous) information about the 
quadratic VI in this system, uncomplicated by anharmonic 
shifts which take place for transitions between the various 
electronic states. In order to describe an absorption spec- 
trum beginning from zero frequency, we have proposed a 
modification of the method of moments which describes the 
shape function formally continued into the region of nega- 
tive frequencies. The moments are related to the phonon 
Green's functions, which can be calculated exactly as a con- 
sequence of the local interaction which corresponds to the 
frequency effect. 

We have shown that including the incompletely sym- 
metric combinations of the quadratic VI terms leads to a 
nontrivial renormalization of the vibrational spectrum of the 
impure crystal, in which there occurs a lifting of the degener- 
acy of the twofold-degenerate phonon mode along with a 
shift in the densities of its components; one component shifts 

into the high frequency, the other into the low frequency 
region of the spectrum. 

The quadratic VI significantly redefines the linear VI; 
therefore, the values of the linear parameters obtained for 
the majority of the systems studied up to the present time 

I '  As we will verify later, this assertion needs to be made more precise, 
since the magnitude of the linear vibronic coupling depends in a signifi- 
cant way on the quadratic VI terms, which change thephonon spectrum 
and renormalize the linear interactions. Nevertheless, experiment 
shows that for the groundstate of the Cr2+ ion in ZnSe the renormalized 
linear interaction with the tetragonal modes is strong. 
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