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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 Bafl@ys. Rev149, 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-pargmeidel to be
able to describe preferencesith respect to a random distribution caser the five tetrahedron configurations.
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Infrared spectroscopy of lattice vibrations in ternary com-where {p\(y)}x-04 are the binomial polynomialg(y)
pounds ofA;_,B,Z (two cationsA,B+ one anionZ) and  =CpxX(1—y)* ¥ andCi=4!/[k!(4—k)!] the binomial co-
AY,Z,_, (one catiorA+ two anionsY,2) types enable us to efficients.
obtain information about their real crystalline microstructure If we assume that for the five tetrahedron configurations
and interior interactions. To explain the features of vibrationall four specific elemental oscillator strengths for a given
spectra in elemental tetrahedra of zinc blefidB) structures  pair are equal and independentyfi.e.,
of ternary compounds, Verleur and Barkéconsideredfor
GaAsP; ) the contributions of théive basic elemental tet- (e e1a=Fays {FeTkeo0a=f"%,
rahedra{Ty}y—o.4, With anA cation at the center arfdur Y,Z
anions at the vertexesTo(A:*Z), Ty (A:3Z+1Y),
To(A:2Z+2Y), T3(A:1Z+3Y), andT,4(A:%Y).

As is well known, fcc tetrahedron ion coordination is
characterized by eachentral ion being surrounded by 4 AY/\ ) — AY Zioy — (1 AZ
nearest neighboré\N's) and 12 next-to-nearest neighbors o0 =YNopt ™, 2 0S5 = (1= Y)Nop %
(NNN’s). This is well described byethe’s lattice also re-
ferred to as theegular tree of coordination number fbr In the alloys GaAgP; _, (Ref. 1) and CdSgTe, _, (Ref. 2,
NN's, introduced by Zimahto describe disordered systems. the deviation of the experimental sum of oscillation strength

In the case of far-infrare¢FIR) spectroscopy, each pho- from linearity with composition has been explained by as-
non mode observed as an individual line in reflectivity spec-suming a nonrandom distribution of anions in the lattice.
tra from a ternanAY,Z, _, (or A;_,B,Z) compound is re- This is well-documented information abosite occupation
lated to a lattice ion pair, eithek:Y or A:Z (symmetrically — preferencesSOP’9 from NNN's for ternary Ill-V and II-VI
for ABZ AZ or B:Z) from each of the five configurations alloys. To fit experimental results to the theoretical expres-
T«. To avoid verbosity the treatment is limited &¥Z for ~ sion, Verleur and Barkérapproximated the latter by intro-
ABZ the reader has to canonically adjust adequately the leducing aclusteringone-parameteg model. This intrinsically
ters and use for the relative contemtsvherevery appears.  implies a preferential specific cluster segregation of binary

Thus, forAYZ if N’k”(y) and Nﬁz(y) are the populations ~cation-anion pairs in elemental tetrahedra. The model leads
of the corresponding pair&Y and Az, andff" andff? the  to individual configuration populationgy}-o.4,

specific elemental oscillator strengths per corresponding ion B _ _
pair of configuratiorT,, the oscillator strengthS; ¥ andS;,* Po(y)=P4(1-y)+By(1-Yy)+poly)+ Bpi(Y)/2)

we obtain a linear dependence on composition for the total
oscillation strength of the respective mod&¥ and AZ of
AY,Z, _ solid solutions:

of each phonon mode are + Bpo(y)/6,
Sy = ANEY(y),  SM(y)=fAINALY). (D) P1(y)=P3(1-y)=(1-pB)[pu(y)+28p2y)/3],
Pa(y)=Pa(1-y)=(1-B)?pa(y), 4

Specific elemental oscillator strength§”=fA and f54=f® _ _ . _

are proper to the two binary constituents, WhﬁféﬁY}k:ls and yields satisfactory fits of the experimental spectral
and{f’,jz}kzl s are proper to the three ternary configurations.cur.ves' . Lo

For a random distribution of and Z ions around catiofs  YSINg this approach, other authors analyzed vibration spectra

andNg,, the total number of tetrahed(fae., a total number of CdHgTe(Ref. 4, CdMnTe(Ref. 5),7and _CdZ_nTe(R_ef. 9
of ion pairs,Ng,=4Ngy), ternary compounds. Perkowitzt al,” having investigated

CdTgSeg  ternary compounds, concluded that the cluster-
ing paramete defined by Verleur and Barkedepends on
SY(y)=Nof e kpe(y),  SEAY) =Nof 44— K)p(y), the relative cation-contentapproximately ay(1—y). The

(2 large value for the clustering paramejg@obtained and used
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by Verleur and Barkér’ and other$™’ led to contrasting, Verleur,,, vs Bernoulli__,_,
segregated fractional distributions of tetrahedron-coordinated Population Coordination number
ternary compounds that are not confirmed by x-ray micro- 4

10|

probe analysigspace resolution-3 um).! Auger spectros-
copy (resolution~20 A) (Ref. 8 reveals no such distribu-
tions either. Besides lattice vibration analysis, nuclear osl
magnetic resonance studies on CdZnTe, HgCdTe, CdSeTe,
and CdMnTe(Ref. 9 yield information on tendencies to
SOP’s in II-VI ternary materials. Mikkelsen and Boyte'! 00 X
using an extended x-ray absorption fine structiEXAFS) Y 05 1.0
analysis of GalnAs, discussed the clustering problem and 4
concluded that “appreciable clustering on the atomic scale is "°[
absent in this zinc-blende solid solutiofRef. 11, p. 7136
Analyzing EXAFS data for ZnMnSe ternary compounds,
Pong etall® observed SOP qualitative results.
Recent EXAFS data for Ga,In,As,Sh,_, (Ref. 13,
Cd,_Mn,SgTe,y,  (Refs. 14 and 16 and o0 L fu .
Zny Cdy S sTey s (Ref. 16 quaternary compounds elabo- 00 0s 1.0
rated on the grounds of a statistical approach by Robouch 4
and Kisiel’ give SOP’s for several elemental tetrahedron or
configurations. Results suggest that in solid solutions certain
ions tend to pair preferentialfy 2>’

Qualitative NNN results of Pongt al? for ZnMnSe
were analyzed using a statistical appro&tit. was shown
that ZnMnSe SOP’s are described by three weight biasing o0
parameters that differ from the random coefficients of the
Bernoulli binomial polynomials taken as eigenfunctions. A
complete statistical analysfsof eight ternary compounds 10
(ZnMnSe, ZnMnS, GalnAs, GaAsP, CdZnTe, ZnMnTe,
CdMnTe, and HgMnTgyields information on the SOP’s ob-
tained from EXAFS-measured average coordination num- 05
bers, as well as on interion distances, and the sizes and
shapes both of undistortefthinary T, and T,) and of dis-
torted (strictly ternaryT,,T,,T3) elemental tetrahedra. The 00
statistical analysis presented and the discussion of réSisits
supported by a tendency of SOP’s that correlates both with 414
observed standard enthalpy of creation in ternary and quater- k
nary compound$~2% and with transitions from monophase
to polyphase structuré. 05

Worth noting is that the EXAFS GaAsP data reported by
Wu et al?* indicate a close to random distribution for the
configuration populations, free of any segregation or cluster- o, |
ing. This result is clearly in contrast with the high=0.75 0.0 05 10
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value that Verleur and Barkkcalculated as per their model relative content y (or x) relative content y (or x)
for the same ternary compound.
The Verleur-Barker model implies(1) Perfect symmetry FIG. 1. Verleur functions as a function of, for g
with respect toy=0.5 [see Figs. (@ and 1b)], (2)  =0.1,0.3,0.5,0.7,0.9() Verleur populations{P(8,y)}c-04 and

S_o04P=1+2B(1—B)y?’(1—y)? for the populations and Zk-04Px(B,Y). (b) Coordination numbersiy_o KPy(B,Y). All
Ek:0:4kpk:4y+ 4,8(1—ﬁ)y2(1—y)2 for the average coor- gorresponding rgndomﬁ(:O) curves are superimposed as dotted
dination number, and3) distributions for(a) 8—0 tending lines for comparison.

to the corresponding random Bernoulli distributiofis) 8

=1 implies total insolubility(“clustering-segregation) of  above random—referred to as the “clustering-segregation”
the two constituenAY and AZ, with configurationsTy, T,, effect. In the model, configuration, is implicitly most de-
and T4 forbidden, thus population®,(y)=y, Pi(y)=1 pressed.

-y, andP4(y)=P,(y)=P3(y)=0, and(c) 8#0 leads to a As a consequence, although Verleur and Barker’s simple
symmetricdrift of populations away frony=0.5. This im-  harmonic force modélgives a satisfactory description of
plicitly depletes the strictly ternary configuratiorfeelow  experimental spectral curves,dannotdescribe(a) site oc-
random to the benefit of the two binary ondsecessarily cupation preferences observed and reported in the

073204-2



BRIEF REPORTS PHYSICAL REVIEW B 64 073204

literature'®-1(b) asymmetrid T,} populations oxc) ternary Worth noting is that in their last article Kosyre¥ al,?® to
configuration populations dominant over binary ofsti- interpret observed CdHgTe FIR spectra, abandon the concept
segregation) observed both by EXAFSRef. 17 and by of clustering and attempt an alternative explanation for the
FIR spectroscopy(Ref. 25 or (d) nondepressed ternary departure of their results from linearity as per E(@.
populationP, of configurationT, [actually predominant in We believe that the valid pioneering modef? is too
ZnMnSe(Ref. 12 or ZnMnTe and CdMnTé&Ref. 17)]. restrictive with its one parameter to describe configuration
Verleur and Barker actually wattihe reader of a contra- populations of FIR data and that @u hocmodel for FIR
diction in GaAsP of the model results with its initial §jatg interpretation, analogous to the one developed for

hypothesis—namely, an overclustering or segregation theEXAFS,lg is needed. Indeed, the rich FIR experimental da-
admit unable to detect, nor did later, higher-resolution Auget,p,se deserves a thorough SOP-wise reinterpretation.

spectroscop§.
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