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Consideration of the Verleur model of far-infrared spectroscopy of ternary compounds
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The clustering model proposed by Verleur and Barker@Phys. Rev.149, 715 ~1966!# to interpret far infrared
data for face-centered-cubic ternary compounds is critically analyzed. It is shown that their approach, satis-
factory for fitting some ternary compound spectral curves, is too restricted by its one-parameterb model to be
able to describe preferences~with respect to a random distribution case! for the five tetrahedron configurations.
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Infrared spectroscopy of lattice vibrations in ternary co
pounds ofA12xBxZ ~two cationsA,B1 one anionZ! and
AYyZ12y ~one cationA1 two anionsY,Z! types enable us to
obtain information about their real crystalline microstructu
and interior interactions. To explain the features of vibrat
spectra in elemental tetrahedra of zinc blende~ZB! structures
of ternary compounds, Verleur and Barker1,2 considered~for
GaAsyP12y! the contributions of thefivebasic elemental tet
rahedra$Tk%k50,4, with anA cation at the center andfour Y,Z
anions at the vertexes:T0(A:4Z), T1(A:3Z11Y),
T2(A:2Z12Y), T3(A:1Z13Y), andT4(A:4Y).

As is well known, fcc tetrahedron ion coordination
characterized by eachcentral ion being surrounded by 4
nearest neighbors~NN’s! and 12 next-to-nearest neighbo
~NNN’s!. This is well described byBethe’s lattice, also re-
ferred to as theregular tree of coordination number 4for
NN’s, introduced by Ziman3 to describe disordered system

In the case of far-infrared~FIR! spectroscopy, each pho
non mode observed as an individual line in reflectivity sp
tra from a ternaryAYyZ12y ~or A12xBxZ! compound is re-
lated to a lattice ion pair, eitherA:Y or A:Z ~symmetrically
for ABZ A:Z or B:Z! from each of the five configuration
Tk . To avoid verbosity the treatment is limited toAYZ: for
ABZ, the reader has to canonically adjust adequately the
ters and use for the relative contentsx wherevery appears.

Thus, forAYZ, if Nk
AY(y) andNk

AZ(y) are the populations
of the corresponding pairsAY andAZ, and f k

AY and f k
AZ the

specific elemental oscillator strengths per corresponding
pair of configurationTk , the oscillator strengthsSk

AY andSk
AZ

of each phonon mode are

Sk
AY~y!5 f k

AYNk
AY~y!, Sk

AZ~y!5 f k
AZNk

AZ~y!. ~1!

Specific elemental oscillator strengthsf 0
AZ5 f A and f 4

BZ5 f B

are proper to the two binary constituents, while$ f k
AY%k51,3

and$ f k
AZ%k51,3 are proper to the three ternary configuration

For a random distribution ofY and Z ions around cationA
andN0t , the total number of tetrahedra~i.e., a total number
of ion pairs,N0p54N0t!,

Sk
AY~y!5N0t f k

AYkpk~y!, Sk
AZ~y!5N0t f k

AZ~42k!pk~y!,
~2!
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where $pk(y)%k50,4 are the binomial polynomialspk(y)
5Ck

4xk(12y)42k andCk
454!/@k!(42k)! # the binomial co-

efficients.
If we assume that for the five tetrahedron configuratio

all four specific elemental oscillator strengths for a giv
pair are equal and independent ofx, i.e.,

$ f k
AY%k51,45 f AY , $ f k

AZ%k50,35 f AZ,

we obtain a linear dependence on composition for the t
oscillation strength of the respective modesAY and AZ of
AYyZ12y solid solutions:

Sk50,4Sk
AY~y!5yN0pf AY, Sk50,4Sk

AZ~y!5~12y!N0pf AZ.
~3!

In the alloys GaAsyP12y ~Ref. 1! and CdSeyTe12y ~Ref. 2!,
the deviation of the experimental sum of oscillation stren
from linearity with composition has been explained by a
suming a nonrandom distribution of anions in the lattic
This is well-documented information aboutsite occupation
preferences~SOP’s! from NNN’s for ternary III-V and II-VI
alloys. To fit experimental results to the theoretical expr
sion, Verleur and Barker1 approximated the latter by intro
ducing aclusteringone-parameterb model. This intrinsically
implies a preferential specific cluster segregation of bin
cation-anion pairs in elemental tetrahedra. The model le
to individual configuration populations$Pk%k50,4,

P0~y!5P4~12y!1by~12y!1p0~y!1bp1~y!/2)

1bp2~y!/6,

P1~y!5P3~12y!5~12b!@p1~y!12bp2~y!/3#,

P2~y!5P2~12y!5~12b!2p2~y!, ~4!

and yields satisfactory fits of the experimental spec
curves.
Using this approach, other authors analyzed vibration spe
of CdHgTe~Ref. 4!, CdMnTe~Ref. 5!, and CdZnTe~Ref. 6!
ternary compounds. Perkowitzet al.,7 having investigated
CdTeySe12y ternary compounds, concluded that the clust
ing parameterb defined by Verleur and Barker1 depends on
the relative cation-contentx approximately asy(12y). The
large value for the clustering parameterb obtained and used
©2001 The American Physical Society04-1
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BRIEF REPORTS PHYSICAL REVIEW B 64 073204
by Verleur and Barker1,2 and others4–7 led to contrasting,
segregated fractional distributions of tetrahedron-coordina
ternary compounds that are not confirmed by x-ray mic
probe analysis~space resolution;3 mm!.1 Auger spectros-
copy ~resolution;20 Å! ~Ref. 8! reveals no such distribu
tions either. Besides lattice vibration analysis, nucl
magnetic resonance studies on CdZnTe, HgCdTe, CdS
and CdMnTe~Ref. 9! yield information on tendencies t
SOP’s in II-VI ternary materials. Mikkelsen and Boyce,10,11

using an extended x-ray absorption fine structure~EXAFS!
analysis of GaInAs, discussed the clustering problem
concluded that ‘‘appreciable clustering on the atomic scal
absent in this zinc-blende solid solution’’~Ref. 11, p. 7136!.
Analyzing EXAFS data for ZnMnSe ternary compound
Pong et al.12 observed SOP qualitative result
Recent EXAFS data for Ga12xInxAsySb12y ~Ref. 13!,
Cd12xMnxSeyTe12y ~Refs. 14 and 15!, and
Zn0.5Cd0.5Se0.5Te0.5 ~Ref. 16! quaternary compounds elabo
rated on the grounds of a statistical approach by Robo
and Kisiel17 give SOP’s for several elemental tetrahedr
configurations. Results suggest that in solid solutions cer
ions tend to pair preferentially.13–15,17

Qualitative NNN results of Ponget al.12 for ZnMnSe
were analyzed using a statistical approach.18 It was shown
that ZnMnSe SOP’s are described by three weight bias
parameters that differ from the random coefficients of
Bernoulli binomial polynomials taken as eigenfunctions.
complete statistical analysis19 of eight ternary compound
~ZnMnSe, ZnMnS, GaInAs, GaAsP, CdZnTe, ZnMnT
CdMnTe, and HgMnTe! yields information on the SOP’s ob
tained from EXAFS-measured average coordination nu
bers, as well as on interion distances, and the sizes
shapes both of undistorted~binary T0 and T4! and of dis-
torted ~strictly ternaryT1 ,T2 ,T3! elemental tetrahedra. Th
statistical analysis presented and the discussion of results19 is
supported by a tendency of SOP’s that correlates both w
observed standard enthalpy of creation in ternary and qua
nary compounds19–22 and with transitions from monophas
to polyphase structure.23

Worth noting is that the EXAFS GaAsP data reported
Wu et al.24 indicate a close to random distribution for th
configuration populations, free of any segregation or clus
ing. This result is clearly in contrast with the highb50.75
value that Verleur and Barker1 calculated as per their mode
for the same ternary compound.

The Verleur-Barker1 model implies~1! Perfect symmetry
with respect to y50.5 @see Figs. 1~a! and 1~b!#, ~2!
Sk50,4Pk5112b(12b)y2(12y)2 for the populations and
Sk50,4kPk54y14b(12b)y2(12y)2 for the average coor
dination number, and~3! distributions for~a! b→0 tending
to the corresponding random Bernoulli distributions,~b! b
51 implies total insolubility~‘‘clustering-segregation’’! of
the two constituentAY andAZ, with configurationsT1 , T2 ,
and T3 forbidden, thus populationsP0(y)5y, P4(y)51
2y, andP1(y)[P2(y)[P3(y)[0, and~c! bÞ0 leads to a
symmetricdrift of populations away fromy50.5. This im-
plicitly depletes the strictly ternary configurations~below
random! to the benefit of the two binary ones~necessarily
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above random!—referred to as the ‘‘clustering-segregation
effect. In the model, configurationT2 is implicitly most de-
pressed.

As a consequence, although Verleur and Barker’s sim
harmonic force model1 gives a satisfactory description o
experimental spectral curves, itcannotdescribe~a! site oc-
cupation preferences observed and reported in

FIG. 1. Verleur functions as a function ofy, for b
50.1,0.3,0.5,0.7,0.9.~a! Verleur populations$Pk(b,y)%k50,4 and
Sk50,4Pk(b,y). ~b! Coordination numbersSk50,4kPk(b,y). All
corresponding random (b50) curves are superimposed as dott
lines for comparison.
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BRIEF REPORTS PHYSICAL REVIEW B 64 073204
literature,10–16~b! asymmetric$Tk% populations or~c! ternary
configuration populations dominant over binary ones~‘‘anti-
segregation’’! observed both by EXAFS~Ref. 17! and by
FIR spectroscopy~Ref. 25! or ~d! nondepressed ternar
populationP2 of configurationT2 @actually predominant in
ZnMnSe~Ref. 12! or ZnMnTe and CdMnTe~Ref. 17!#.

Verleur and Barker actually warn1 the reader of a contra
diction in GaAsP of the model results with its initia
hypothesis—namely, an overclustering or segregation t
admit unable to detect, nor did later, higher-resolution Au
spectroscopy.8
07320
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Worth noting is that in their last article Kosyrevet al.,25 to
interpret observed CdHgTe FIR spectra, abandon the con
of clustering and attempt an alternative explanation for
departure of their results from linearity as per Eqs.~3!.

We believe that the valid pioneeringb model1,2 is too
restrictive with its one parameter to describe configurat
populations of FIR data and that anad hocmodel for FIR
data interpretation, analogous to the one developed
EXAFS,19 is needed. Indeed, the rich FIR experimental d
tabase deserves a thorough SOP-wise reinterpretation.
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