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ATOMIC THERMAL VIBRATIONS OF THE LIGHT ACTINIDE ELEMENTS
dl,

A. C. Lawson, J. A Goldstone, B. Cort, R. I. Sheldon, and E. M. Foltyn

LosAlamos National Laboratory

Los Alamos, New Mexico 87545

Abstract

We have been usingtime-of-flightneutronpowder diffractionto determinethe Debye-

Waller factorsof the lightactinideelements. The Debye-Wallerfactorisa measureof the

mean-squareatomicdisplacementthatarisesfromthe thermalmotionof the atomsinany

solid. Its temperaturedependencedeterminesa Debye-Wallertemperature,®DW,that is

characteristicof the elasticpropertiesof the solid.The data are obtainedby Rietveld

analysisof neutrondiffractionpowderpatternsobtainedat severaltemperatures.We have

analyzedthe resultsfor Gt-U,ot-Np,¢z-Puand 8-Pu0.gsAI0.05.The measuredtemperature

dependenceof the ®DW'Scan be interpretedwithan "effective"Grt3neisenconstant,whose

numericalvaluesare muchtoo highto be explainedwithharmonicforces.

The primarydata in a Debye-Wallerexperimentare neutron diffractiondatathat have

been fittedwiththe Rietveldrefinementtechnique[1,2]. The effectof thermalvibrationson

the diffractionpatternis quitestrong,witha d-spacingdependencethat isgivenby

8,.rZ<.2>

1_e _' (1)

SOthat <u2>,the mean-squarethermaldisplacement,is easilydeterminedby Rietveld

refinement. <u2>is relatedto a characteristicparameterof the solid,the Debye-Waller

temperature,®DW,by

= + ....-.... + < u (2)
<"=>"'°' mk_O_., e"- 1 >°_"'
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where kB is Boltzmann'sconstant,h is Planck'sconstant,andT isthe absolutetemperature.

This is the standardequationfor the thermalvibrationsof a monatomiccubicsolid[3,4]; it

hasbeen modifiedbythe additionof an extrazero-pointmotion, <U2>offset, that is requiredto

fit the data. We believethatthe offsetis an artifactcausedby difficultiesin fittingthe

backgroundneutronscatteringinthe diffractionpatterns. More thanoneoffsetis requiredif

data are takenunderdifferingexperimentalconditions,e.g., if botha furnaceand a cryostat

are used. The offsetdropsoutof the analysiswhen thetemperaturedependenceof <u2>is

considered.Eq. (2) is toosimpleto be correctin principlefor a realactinidestructure.

However,it seemsto give usefulresultsin practice.

We have foundthatit isnecessaryto allow®ow to be slightlytemperaturedependent.

This is necessaryin principleto allowfor the changesin the elasticconstantsthatare

inducedby the volumechangesthataccompanyordinarythermalexpansion,an effect

describedbythe Gn3neisenconstantin the quasi-harmonicapproximationof lattice

dynamics.We have madethe empiricalassumptionthat

ODw= O_,w,o+cT (3)

Our resultsfor s-U, o_-Np,o_-Puand 6-Puo.osAI0.05are shownin Fig. 1. The lines

throughthe data are fitsto Eqs.2 and 3, and the fittedoffsetshave been suppressed. The

fittedvaluesare showninTable 1. Data involvingthe temperaturedependenceof ®DW,can

be analyzedintermsof the Grflneisenconstant,_'a. In termsof the phononfrequencies,the

Gr0neisenconstantis givenby

Am Z_V _®_w
= y. _ = -y,_zl'-z-.....-- _ (4)

V OD.,

where Acohois the relative change in phonon frequencies, and Avlv is the relative volume

change. Numericalvalues of the GrC_neisenconstant are usually in the range of I-2, so

there is always some temperature dependence to be expectedin ODW. An additional

temperaturedependencein ®DWcan resultfromthe anharmonicityarisingfroma quadratic
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term intt_einteratomicpotential;the functionaltemperaturedependenceof ®DWis inthis

case the sameas inthe quasi-harmonictheory,sothat the twoare notdistinguishable

experimentallybyour technique. We can, however, definean "effective"Gr_neisen

constant,%ff, fromexperimentallydeterminedvalues,
f
i

C
Y,1,=

ZO_w (5)

Values ofX and 'Yeffare given in Table 1. The experimentalvaluesof X are determinedby

linearapproximationto the atomicvolumesderivedfromour diffractiondata, shownin Fig.2.

The mainpointof Table 1 isthat all the valuesof 'Yerfare muchlargerthancan be

expectedfrom thequasi-harmoniceffect. We concludefromthisthat truean-harmonic

effectsmaybe importantin explainingthe unusual latticebehavior-- both in ®DWand in X

-- of the lightactinidemetals.
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Table 1.

Debye-Waller parametersand effectiveGrC=neisenconstantsof the lightactinideelements.

References..... E)nwn (K) c ....._.(!O'eK;1)......._',,

_-U 5,6 2_0(4) -0,109(4) 50,2 e.3

¢-Np 7,8 269(10) -0.15 (2) 59.3 9.4

(:x-Pu 9 20]. (5) -0.08 (2) 96.4 4.1,

6-Pu 10 :1.32(1) -0.047(1,) 20.3 17.5
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Fiaure.Capti0ns

Fig. 1. Mean-squarethermalvibrationsversus temperatureof the lightactinideelements,

The fit throughthe pointsis describedinthe text.

Fig.2. Atomicvolumesversus.temperatureof the light actinideelements. The dotted lines

are linearapproximationsto the thermalexpansion,
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Fig. 2
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