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LATTICE DYNAMICS OF ZnO AND BeO
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Phono~idispersionin ZnO hasbeenmappedfor frequenciesup to
4 x 10 2 c/sec. A postulatedlow frequencymodedoesnot exist,
and the results are in good agreementwith the predictionsof a
simpleshell model. Meansquarevibrational amplitudesin ZnO and
BeO are calculated.

ELECTRONdiffraction patternsfrom thin plates masses,e the electroncharge,andv~the volume
of ZnO show fairly strongdiffuse streaksalong perZnO molecule. C0 = (� + 2)2/g� 1 where
[1011and [101] directionsthrough(0, 0, 21) E is the ‘isotropic’ high frequencydielectric
reciprocallattice points, and along[0011through constant.Furthermore,the equationshouldgive
(2h, 0, 0) points.’ Suchstreakingcan be the sameresult for the splittingof the A~
producedby a low frequencyvibrational mode, charactermodeasfor that of characterE1. When
Furthermore,neutronscatteringresults

2indicated the Ramanfrequencies8are substituted,this is
the presenceof very low frequencyoptic modes found to be true within experimentalerror, with
in the isomorphousBeO, althoughno comparable the result Z” = 1.03: this compareswell with
streaksare seenin electrondiffraction from this valuesfound by othermethodsr Taking Z = 2
compound.(Thesemodeswerenot found in we calculatethe mechanicalpolarizability, and
reference3). assumingonly oxygenpolarizable,the oxygen

shell chargefor a given shell spring. The four
Calculationsof the lattice dynamicsof short-rangeforce parametersandoxygen shell

wurtzite structures46haveusuallybeen spring werechosento fit the Ramanfrequencies
complicatedby the largenumberof parameters andelastic constants.’0We foundthat for this
required. We haveadopteda rathersimpleshell model (Fig. 1), thereareno exceptionallylow
model7with nearestandsecondnearestneighbour frequencymodes,and all modesare stablefor
compressions!and shearingforces. The effective small changesin the force parameters.Dynamic
ionic charge,Z”, is easily calculatedfor structurefactorswere alsocalculated.
wurtzite from the splitting of the Raman
frequenciesdueto a directionaldependenceof The experimentwasperformedon the triple
thecoulomb dipole summationas q -. 0. We axis spectrometerat LucasHeights with the
obtain activeco-operationof Drs. A.W. Pryor and

2 2 Z* zI 1 1 \ e2 ~ M.M. Elcombe. A large(1cm x 1cmx 0.4cm)
— = ( + ~) V’ ~‘ 0’ ZnO crystal was available from AIRTRON of

New Jersey,U.S.A. Very low intensities
where 0L is the Ramanfrequencyfor q 0 in preventedthe mappingof the phonondispersion
the direction for which the mode is longitudinal, aboveabout4 x 1012 c/sec.,but this was
andw

7 that whenthe q-directionis suchthat the sufficientto demonstratethe absenceof a mode
modeis transverse:m1, m2 are the atomic of unusuallylow frequency. Furthermore,quite
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FIG. 1. Phonondispersionin ZnO at 298°Kpredictedby a shell model basedon elastic constants
andRamanspectrum,with measuredfrequencies.

good agreementwasobtainedin this regionwith
the previouslycalculateddispersionrelation. A Be 0
searchin the positionsof the electrondiffraction 10 ‘~ — CaIcuI.t~d B..j.B.JB,,
streaksfailedto revealenhancedscatteringin ~ Fryer •nd Sabine •

thesedirections,but becauseof the intensity
problemsand uncertaintyin the spectrometer
focussingconditionsfor this situation,we cannot
unilaterallyconcludethat the streakingis
peculiarto electrondiffraction. It will be • ~Be

scatteringpatternexpectedfrom the model.necessaryto calculatein detail the diffuse

Furtherconfirmationof the validity of the Temperature • K
0

model, at leastfor the low frequencyregion, was o aco ~ on ilio ia~o u~
obtainedwhen meansquarevibrational amplitudes
werecalculatedfor comparisonwith recentX-ray FIG. 2. BeO B-factorsfor a shell model with
analysis” (Table 1). We confirmedthat the measurementsof Pryor and Sabine.’4
vibration wasalmost isotropic ashadbeen
assumedin this analysis. A similar model wasthen calculatedfor BeO,

using availableRamanfrequencies’2andelastic

Table 1: ZnO B-factorscalculatedat 298°K. constants.13Fair agreementis obtainedwith
_________________________________________ somevery recentneutronscattering:3again

B
11 = B22 B33 thereis no low frequencymode. The comparison

of the calculatedvibrational amplitudeswith an
Zn 0.63 ±0.02 0.50 0.60 extensiveneutrondiffraction analysis~ (Fig. 2)

0 0.68 ±0.07 0.54 0.63 is very satisfactory,although we haveneglected
the temperaturedependenceof the C,,
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Phonon—Dispersionim ZnO wurdebis auf Frequenzevon 4 x 1012
Hertz beobachtet.Eine vorausgesetzteKleinfrequenz-Schwingung
wurde nicht beobachtet,und die Resultateübereinstimmengut mit
denVoraussagendes einfachenSchalenmodells.Die Mitteiquadrat-
amplitudenfür ZnO und BeO wurdenberechnet.


