
Low temperature magnetic properties of
rare-earth trifluorides

言語: English

出版者: 

公開日: 2017-10-05

キーワード: 

作成者: Savinkov, Andrey Vladimirovich

メールアドレス: 

所属: 

メタデータ

http://hdl.handle.net/2297/26790URL



氏名

学位の種類

学位記番号

学位授与の日付

学位授与の要件

学位授与の題目

SavinkovAndreyⅥadimirovich

博士（学術）

博甲第９４２号

平成１９年９月２８日

課程博士(学位規則第４条第１項）

Lowtemperaturemagneticpropertiesofrare-earthtrifluorides

(RF3における低温での磁性）

松本宏一（自然科学研究科・准教授）

藤下豪司（自然科学研究科・教授)，小田竜樹（自然科学研究科・准教授)，

阿部聡（自然科学研究科・講師)，鈴木治彦（自然科学研究科・特任教授）

論文審査委員（主査）

論文審査委員（副査）

ThelnagneticsusceptibilityofPrF3VanVleckparamagnetwasmeasuredinthe
externalmagncticficldsdirectedacrossandalongthecrystallographicc-axisattempcratures
2-300Ｋ.Thecrystalfieldanalysisbasedonthemagneticsusceptibilitydataandcalculations
inthefmmcworkoftheexchangcchargcmodelwascaniedout、Thesetofcrystalficld
parametersrelatedtothecrystallographicsystemofcoordinateshasbeenobtainedandused

torcproduccsucccssfiJ11ythetemperatureandfielddependencesofthelongitudinaland
transversalcomponentsofthesusceptibilitytcnsorandthecrystalfieldenergies,aswellas
theparametcrsoftheeffectivespinHamiltonianofthe141Prnuclei､A1soPrF3wasstudiesas
apromisingmaterialfOrnuclearmagneticpolarizationofliquid3He・Anaffirmative
conclusionaboutpossibⅢtyofthedirectmagneticcouplingbetweentwonuclearsystemsof
3Heand141PrthrougllasurfａｃｅｏｆＰｒＦ３ｗａｓｄｒａｗｎ・ThisconclusionisaresultofPrF3
powdcrstudybymagnctometry,opticalmicroscopyandtheoreticalcalculations・Thedirect
ma印cticcouplingwasobservcdbyNMRof3Heand141PrinnonoricntedpowderofPrF3at
temperatureof1.6KandNMRfrequencyfivMR＝６．６３ＭＨｚ､Thus,PrF3hasbeenproposed
asamaterialforthedynamicpolarizationof3Henuclei・

ThemagneticsusceptibilityofCcF3paramagnetwasmeasuredintheexternal
magneticfieldsdirectedacrossandalongthecrystallographicc-axisattemperatures2-300K、
Thccrystalficldanalysiswascarriedout・ThecrystalfieldenergiesofCe3＋ionswere
calculatedinrathcrgoodagreementwiththcexperinlentaldata・Resultofourtheoretical
calculationofmagneticsusceptibilitymCeF3singlecrystalalsowasfOundinagood
agrecmentwiththeexperimentaldata、Thiscalculationbasedonthecrystalfieldtheory
explainstheanomaloustemperaturebehavioroftheCeF3magneticSusceptibility．

LowtelnperaturemagneticpropertiesofPrF3VanV1eckparamagnet

werestudiedbymagnetonletry・SetofthecrystalfieldparametersfOrthePr3＋

ionsinthefralneworkofthesemi-phenomenologicalexchangechargemodel

hasbeencalculated(Tablel)Boththeenergiesofgroundstatemultiplet虹

andenergiesoftheexcitedmultiplets狂,Ｅ,掘,Ｅ,lD2areobtainedrather

satisfactorybyusethisparameterset．
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TalDIel・TI1ecrystalfieldPammeterscalculatedintlleframeworkoftheexcl１m=e
cllar=emodelmP志十ionlnostedinPrmmatIix〆

Thetemperatureandfielddependencesoftheprincipalvaluesofthe

magneticsusceptibilitytensorinVanV1eckparamagnetPrF3havebeenstudied

fromdirectmeasurementswiththeSOUIDmagnetometer・Thetemperatureand

fielddependenciesofmagneticsusceptibilitieshavebeencalculatedusingthe

obtainedsetofthecrystalfieldparameters・Also，theagreementbetweenthe

calculatedandpreviouslymeasuredparametersoftheeffectivenuclearspin

Hamiltonianofthe141PrnucleiinPrF3israthersatisfactory・Thesefacts

confirmphysicalmeaningofthecrystalfieldparanletersobtainedinthiswork，

ＴｈｅＰｒＦ３ＶａｎⅥeckparamagnetwasstudiedasapromisingmaterialfbr

tllenucleardynamicpolarizationof3He､ThenuclearspinsofPr3＋VanV1eck

ionsofthecrystallatticeareeffectivelycoupledtotheelectroncloudbya

hyperfineinteractionAnexternalmagneticfieldHinducesamagnetic

lnomentoftheelectroncloudinthenonmagneticgroundstate・However,itis

necessarytoputtheelectronshellinanexitedstatetotransferofpolarization

fromtheelectroncloudtonuclearspins、Duringrelaxationfromthisexited

state，partoftheclectronpolarizationwillbetransferredtothenuclearspin

systemthroughahyperfineinteractionTheapplicationofhighmagneticfields

allowsmakingtheenergydistancebetweenthegroundlevelandtheexcited

levelequaltosomelaseroutputline、Ａｌｓｏ，highmagneticfieldshave

accordinｇｌｙｔｏｂｅａｐｐｌｉｅｄｉｎｏｒｄｅｒｔｏｒｅｄｕｃｅｔhelossofthe141Prpolarization

whichresultsfrolntherelaxationmechanismbytheparamagneticiInpurityo

Usingtheobtainedsetofthecrystalfieldparametersthefield

dependenceoftheStarkenergylevelsofP73＋ionsinP72B1atticematrixhave

beensilnulatedforallorientationsofthecrystalinappliedmagneticfieldupto
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４０TInspiteofsohighappliedmagneticfieldtheencrgydistancebetween

groundstateandlowestexcitedstateof3H4multipletwasfOundrather

invariable、Thisphenomenonpresentssomedifficultiestoexcitetheelectron

shellofPr3＋ions・Oursimulationseemsratherrealisticbecausethecalculation

methodgivesanadequatedescriptionoftheDF3magneticsusceptibilityat

appliedfieldsuptoSSkOeatleast、

ThepolarizationtransferinthesurfaceofsolidPrF3betweennuclear

systemｓｏｆ１４１Ｐｒａｎｄ３Ｈｅｃａｎｂｅａｃｈｉｅｖｅｄｉfthetransitionfrequenciesofthese

sortsofnucleicoincidewitheachotheratcertainexternalnlagneticfieldThe

141PrnucleartransitionfrequencieswerecalculatedfOrappliedmagneticfield

ofthevalｕｅｕｐｔｏ４０ｋＯｅ､ThenthesefielddependenciesfOr141Prnucleiwere

comparedwiththedependenceofnucleartransitionfrequencyonmagnetic

fieldfOr3Henuclei､WeconcludedthatPrF3singlecrystalshouldbeorientedat

externalfieldsothatmlac,wherMcisthecleavageplaneofPrF3・

Importantaspecttomakepossiblethepolarizationtransferto3He

nuclearsystemistheabsenceofthedefectparamagneticcentersonthesurface

ofPrF3becausetheypreventthedirectmagneticcouplingbetweentwonuclear

systemsof141Pranｄ３Ｈｅ・Ourinvestigationsbyopticalnlicroscopyhaveshown

ratherperfectsurfaceofthePrF3crystalpowderparticlessuggestingthatthe

surfaceisnotabundantofthedefectparamagneticcenters・Theinvestigations

offine-dispersedPrF3powdersbymagnetometryhavenotrevealedlarge

amountoftheparamagneticcentersonthesurface、Moreover，wehave

experimentallyobservedtheresonantmagneticcouPlingbetweennuclear

systemsof141Prand3HestudyingtheNMRinnonorientedpowderofPrF3put

intoliquid3He,ＴｈｉｓｅffectwasobservedatNMRfrequencyｏｆ６．６３MHzand

teInperatureof1.6Ｋ．

ThecrystalfieldanalysisinCeF3intheframeworkofcrystalfieldtheory

hasbeencarriedout・ThecrystalfieldenergiesofCe3＋ionswerecalculatedin

rathergoodagreementwiththeexperimentaldata・Lowtemperaturemagnetic

propertiesofCeF3havebeeHstudiedbytheSOUIDmagnetometry・Ｔｈｅ
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temperaturedependenciesofthesusceptibilityinasinglecrystalhavebeen

measuredandcalculatcdfOrorientationofthecrystalmlcandHLcatcxternal

magneticfieldThetheoreticalcalculationoflnagneticsusceptibilityinCeF3

hasbeenfOundinagoodagreementwiththeexperimentaldata・Ｔhis

susceptibilityanalysisbasedonthecrystalfieldtheoryexplainstheanomalous

temperaturebehaviorofthemagneticsusceptibilityattemperaturesT＜ＳＯＫ

ａｎｄＴ＞ＳＯＫ．
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