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CIはpterl  

General〕htrodllCtiom  

Halogen－bridged－M2＋－X－M4＋－X－tyPeCOmPlexes（M：Pt，PdandX：Cl，Br，   

Ⅰ），tyPifiedbyWol缶am’sred salt［pt（C2H5NH2）4］PtC12（C2H5NH2）4］C14・4H20，have   

been attractlng muCh attentionamOng SOlid－State Physicists and chemists as a one－   

dimensional（1－D）systemwith strong electron－latticeinteractions afterthe1970’s   

because oftheirremarkable physicalproperties such asintenseintervalence charge   

tranSfbrbands［1－3］，1uminescencewithalargeStokes－Shi食【3，4］，OVertOnePrOgreSSions   

ObservedinresonanCeRamanspectra［5］，etC．ThesefeaturesareCOmmOninthistypeof   

mixed－Valence metalcomplexes consisting ofvarious combinations ofmetalatoms，   

bridgedhalogens，amineligandsandcounterions．  

Itisnotedinthistypemixedvalencecomplexesthatthereisatwofo1d   

degeneracyoftheelectronlCgrOundstateexpressedas：－2－4－2－4－and－4－2－4－2 ●  

－inthis chainstructure．Fromthis degeneracy，WeCaneXPeCttheformationofthe   

mismatchofthesetwostruCtureSincrystal．TheboundaryofthesestruCtureCal1edthe   

domainwal1，eXPreSSed，fbrexamPle，aS－M2＋－X－M4＋－X－M3＋－X－M2＋－X－M4＋－X－，hasbeen   

theoretical1yderived［6，7］inasimi1armannertOtheneutralspinsolitoninvestigatedin   

trmsiPOlyacetylene［8］．ThemagneticresonancemeasurementssuchasESRandNMR   

areSuitablefbrdetectingtheneutralsolitonsbecauseoftheformationofparamagnetic  
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SPins．SincetheNMRrelaxationisstrongly曲ctedbythemagnetic丘eldfluctuation   

made by the unpaired electrons，this mechanism becomesthe main ongln Ofthe ●●  

relaxation eveninalow concentration ofthe paramagnetic speciesin case the   

COntribution丘ommolecularmotionstotherelaxationisnotimportant．  

Morethan1501TDhalogen－bridgedThi2＋－XTM4＋－X－tyPemixed－Valence   

complexesformulatedas【M（AA）2］【M粘（AA）2］Yt（岬＋－M4＋：Pt2’一Pt4＋，Pd2＋－Pd4＋，Pd2＋－   

Pt4＋，Ni2’，Pt4’，Cu2’－Pt4’；X：Cl，Br，Ⅰ；AA：ethylenediamine（en），1R，2R，   

CyClohexanediamine（cbm），etC．；Y：C104，X，etC．）havebeensynthesized［9－11］byM．   

YamaShita et al．in thelast decade．The ESR study on single crystals of   

Pt（eh）2］PtX2（en）2］（ClO4）．hasshownthepresenceoftheparamagneticPt3’siteswhose   

concentration（Ca．10Jin molar ratio to the Pt2’and Pt4’sites）is temperature   

independent［12］．Itisnotedthatthe玉SRlinewidthisgraduauyreducedwithincreasing   

temperature丘omlOOto300Ksuggestingtheprogressofmotionalnarrowng．These   

ESRresultssuggestthatthekink－tyPedomainwal1solitonsintroducedinthel－Dchains   

candifRISeinthistemperaturereg10n・Inthepresentstudy，theESRspectraandthel＝   

NMRrelaxationtimearemeasuredtoinvestigatedymamicbehaviourofparamagnetic   

Sitesformedin［M（en）2］畔（en）2］（ClO4）4．  

AsanOtherkindofhalogen－bridgedcomplexes，the－M－M－X－M－M－X－tyPe   

l－D complexes，岬払）4【Pt2Xげ205H2）ヰ】and Ni2（CH3CS2）4Icodaining metal一metal   

bondshavebeenrecentけprepared【13，14］．Inthesecomplexes，neWPrOPertiesdi飽rent  
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＆omtheabove－M－Ⅹ－M－X－tyPemixed－Valencecomplexescanbeexpectedbecauseof   

thepresenceofmetal－metalbondswhichcanglVemetal－hkepropertiesmorethaninthe ●  

－M－Ⅹ－M－Ⅹ－SyStem．hfact，軋Pt2Br（p205H2）4］・3H20andNi2（CH3CS2）4Ihavebeen  

reportedtohavehigherelectricalconductivitiesofca・10・3［15－17】andlO－2s血－1【18L  

respectively，thanthosein一M－X－M－X－SyStem，fbrexample，Ca・10・‡－10・18scm・1   

0bservedin【M（en）2］隅（en）2］（ClO4）4［19］，at rOOmtemPerature．Asforpossible   

metalvalence state，thefo1loⅦngfour models ofthel－D chain struCture Canbe                                                                                          ●  

PrOpOSed：   

（刃－M2＋－Mユ＋－Ⅹ一M3＋・M3＋－Ⅹ－；   

鱒）－M2＋－M3＋－Ⅹ－M2＋・M3＋－Ⅹ－；   

（C）－Mヱ＋－ぱ＋－Ⅹ－ぱ＋一山か－Ⅹ－；   

P）－M㍗＋－M㍗＋－Ⅹ－．   

ⅤalencestruCtureSintheabovePtandNicomplexeshavebeendiscussedbasedonthe   

StudiesofX－raydi缶action［13－18】，magneticsusceptibility［17，18］andelectronicand   

vibrationalspectra［20］．NoconsistentconclusiononthevalencestruCtureCOuldnotbe   

derived舟omtherespectivemethod・Inthepresentstudy，itisintendedtomeasure31p，   

13c andlH NMR which can glVe aCCurateinfbrmation on metalvalences．The   

applicationofsolidNMRtechniquetotheinvestlgationofmetalvalenceshasbeen   

SuCCeSSfullyappliedto－M－X－M－X－tyPe（M：Pt，Pd，Ni）complexes，inwhich13cand   

15NCP／MASNMRspeCtraWeremeaSured［21－23］．  
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Chapter2  

SpinSolitomsinⅡalogen－Bridgedl－DMixedValenceCompIexes  

ヱ．1Imtroductiom  

Thehalogen－bridged－Ⅰぱ＋－X－hd十－X－P：Pt，Pd；X：Cl，Br，I）typemixed   

valencecomplexeshavebeenstudiedasone－dimensional（1rD）electronicsystemswith   

Peierls distortion［1－31］．Characteristic properties ofthese complexes have been   

irNeStigatedbystruCtural［2－15］，OPtical［16－23］andmagneticresonanCeStudies［24－31］・   

Thepresenceofkink－tyPeSOhtonsreportedin加POlyacetylenehasbeentheoretical1y   

Predicted［32，33］inhalogen－bridgedcomplexesbynotingaltema血gd・electrondistribution   

madebytheトDarraqgementofI㌦＋andMl＋metalsites．加isexpectedthattheneutral   

so批onisformedbyinsertingaparamagneticM3＋siteas－X－M㌣－X－Ml＋－X朋子＋－XM－X－   

M4＋－X－．M？gnetic resonanCe Studies PMRand ESR）have been repoIted on   

Pd（chxnh］PdBr2（cI皿h］Br4（chm：1R，2RTqyClohexanediamine）［10，19，31］inorderto   

revealthedynamicbehaviourofparamagnetlCelectronsplnS，andshowedthatelectron   

spinsrapidlydiBhsealongthechainjustlikeintrmw－POlyacetyleneexplainablebythe   

fomationofneutralspinsolitons［31］．  

Inthepresentstudy，thetemperaturedependenceofESRspectraandthe   

temperatureand鮎quencydependencesoflHNMRrelaxationtimenweremeasuredto   

irNeStigatedymamicbehaviourofparamagneticsitesformedinP（ehh］Pri（enh］（ClO4）4，  
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Pd（eph］PdBri（enh］（ClO4）4and［Pd（enh］PdC12（enh］（C104）4（en：ethylenediamine）．  

ThecrystalstruCtureSinthesethreecomplexesweredetem血edatroom   

temperaturebyX－ray di缶agion［6，7，9，11－13］as showninFig．2－1．The chainsare   

e坪eCtedtobeweuisolatedwitheachotherbecauseperChlorateionslocatedintheinteト   

dhainformnomafkedhydrogenbond．血roomtemperature，theconforndionsofthetwo   

enchelateringswereshowntObe九九or88inM（e城unit，andthechainstruCtureWhich   

consistsof㌦一X」蘭＋－Ⅹ－Canbeexpressedasthesequence・・・（九L）（86）（入L）（88）…．h   

Pt（enh］PtBr2（enh］（C104）4，辻hasbeenreportedthattheconformationsoftheenchelate   

ringsarechanged倉om肌（88）to汎（L8）ataphasetranSitionof297．8Ⅹ・丘omthehigh－tO   

low－temPeraturePhase［13］．  

Inaddhion，tOelucidatetheexistenceofthesolitonsmoreindetail，thehetero－   

metalcomplexes［Pd（enh］PtX2（enh］（ClO4）4（Ⅹ：CL Br）whch have non－dqgenerate   

electronicgroundstateisstudiedbec皿SethevalencestructureinthechainiseⅨpeCtedto   

be耳d2’－X－Pt4’－X－［34－37］whichcanbeshown＆omtheenergylevelof4doIbitalsinPd   

ionslowerthanthatof5dorbitalsinPtions．Fromthisnon－degeneratestruCture，WeCan   

expeCtthatthesolitonsbecomemorediBculttobeproducedinthissystem・hthisstudy，   

bycompaJngtheESRandNMRdataperformedinthehetero－metalcomplexeswithdata   

onthe homo－metalcomplexes mentioned above，the stabilityconditionsfor soliton   

formationinthel－Dchainw山bediscussed．  
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Fig．2－1Tbe struCture Of a halogen－bridged one－dimensionalcomplex，【Pt（ep）2］   

【PtBr2（C可2】（ClO4）4dete皿incdbyX－raydif＆actionat298K［6，11－13］・nePOSitionsof   

thebridgedbromineatomsaredisorderedovertwositesinthechain．  

一8－   



2．ヱExperimental  

NM軋ESRand di飽rentialscaming cal0rimetry PSC）measurements   

WerePerformedonthecrystalsof［Pt（en）2］［PtBr2（en）2］（C104）4，Pd（en）2］PdX2（en）2］   

（C104）4and［Pd（en）2］PtX去（en）2］（ClO4）4（X：Cl，Br）preparedaccordingtoliterature［1］．   

ForthelHNMRmeasurement，theobtainedcrystals（Ca．1g）wassealedinaglass   

amPOuleunderadrynitrogenatmosphere・ThelHspin－1atticerelaxationtime，nin   

Pt（en）2］坪tBr2（en）2］（C104）4，Pd（en）2］PdCl2（en）2］（ClO4）4 and［Pd（en）2］PtX2（en）2］   

（ClO4）4WeredeteminedusingtheinversionandsaturationrecoverymethodsatLarmOr   

舟equencies15－60MH2：inatemperaturerangeof90－330Kbyahome－madepulsed   

SPeCtrOmeterCOnStruCtedwithaThamwayA57－4702wide－bandpowerampli且er，Matec   

mode1251and252preamPliBers，anAniritsuM40573丘equencysynthesizerandJEOL   

JTR－3100rJES－CC2electromagnets．ThelHTiof［Pd（en）2］PdBr2（en）2］（ClO4）4WaS   

measureduslngtheinversionrecoverymethodat20－300MHzin90－300Kuslngthe   

SPeCtrOmetermentionedaboveandaBrukerMSし300system・ThesamPletemperature   

wascontro11edbythenltrogengas鮎wsystemanddeteminedbyachromel－COnStantan   

thermocouplewithinanaccuracyof±1K．  

ESR spectra were obtained with an XJbandJEOLJES－FEIXG   

spectrometeronpowdersamplesunderamodulation鮎1doflOGwiththe舟equencyof   

lOOkfhinatemperaturerangebetween130and300K・Thevariable－temPerature   

measurementwasmadewithaJEOLNM－PVTsystem・Asamplewasloadedintothe  

ー9－   



quartz ESRtubein dry nitrogen gas・The values ofthe spln COnCentration were   

deteminedbycomparingtheintegratedintensitywiththatinDPPH（1，1－Dipheny11－2－   

Picrylhydrazyl）withaknownconcentration．  

DSCwascamiedoutusingaSeikoinstrumentSCal0rimeter（modelDSC－   

120）in the temperature range between170and350K．The scanming rates were   

performedatト3Kmin，1・SamPlesof3－10mgsealedinalminiumvesselswereused   

forthemeasurement．  
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2．3ResultsandDiscussion  

ユ．3．1【Pt（en）ユ】Pt丑巧（em）ユ】（ClO4）4  

ThelHNMRTL meaSurementCarriedoutbelowthephase－tranSition   

temperature（7旨297．8K［13］）showedamarkednonexponentialbehaviourofthelH   

magnetization recovery after a7（／2pulsein the whole Larmor＆equency range   

investigated（15－60此）・Asanexample，therecoverydataobservedat90Ⅹ（42．79   

MH2：）isshowninFig．2－2．Thiscurvecanberoughlydividedintotwocomponents   

exhibitingfastandslowrelaxations・ThetemperaturedependenceoflHmagnetization   

ratio ofthe fast tothe slow componentis showninFig．2－3．Upon heatlng，the   

contribution舟omthefastcomponentgradual1ydecreased，andalmostvanishedinthe   

neighbourhoodof7；whereonlyaslngleexponentialrecoverywasobtainedasshownin ●  

Fig．2－4．  

InthetemperaturerangeStudied（90－320K），themagnetization倉omthe   

slowcomponentwasalwaysm句Oranditsrecoveryobtainedbytheirrversionrecovery   

methodgaveaslnglerelaxationtimenasexpressedas  

叫わ＝明l－2exp（一言）】，  （2－1）  

whereA4，andM（て）arelHmagnetizationsaRer冗－t－7u2pulsesobservedinthelimitofl   

→∞andt＝て，reSPeCtively・Ontheotherhand，thefastorminorcomponentshowed  
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M。一M（て）  
arbitrary scale 

Fig．2－2TherecoveryoflHmagJletization，【Mo－M（て）］（○）observedaRera7CnPulse   

at90K（42．79MH曳）in［Pt（en）2］［PtBr2（en）2］（ClO4）4・The slope ofthe dottedline   

affbrdsT10f9．5sfbrtheslowlyrelaxingcomponent．Thefhstmagnetizationcomponent   

（●）isgivenbythedi飴rencebetweentheobservedmagnetizationandthedotted血e・  
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300  200  

M（fast）  

〝（slow）  

10  12  

Fig．2－3Ate叩raturedcpcndcn∝Oft加magneti2ationratio，【M（触）／M（Sk）W）lof   

thc血st to the slow rccovcring componen！s obscrvcd at40．14MIi2：in【Pt（ct）23   

【PtBr2（en）2］（C104）4．㍍showsthephasetransitionte皿Pera！ureof297・8K〔13］・  
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Mo－M（て）  

arbitrary scale 

て／s  

Fig．2－4TherecoveryoflHmagnetization，【Mo－〟（て）】observedat321K（40・14MHz）   

in［Pt（eh）2］［PtBr2（en）2］（C10ヰ）4．TheslopeOfthedottedlinea放）rdsTl＝1・35s・  
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nonexponentialrecoveryglVlngnOSlnglen．  

ThetemperaturedependenceofTloftheslowcomponentisshowninFig．   

2－5．Uponheating，ndecreasedgradua11yuptoca．250K，thensharplyto7も．A景era   

Suddenincreaseat㍍，7lagainshowedagradualdecreasewithfurtherheatingto320K．  

Thefastcomponentcanbeasslgnedtotherelaxationduetotrappedor   

触edparamagneticPt3＋sitesonthechainsand／orthechainendsincrystals・Thisis   

becauseprotonsplnSlocatednearsuchfixedPt3＋sitesfbelastrongfluctuatlngOf ●  

magneticfield made by the丘xed electron splnS，and since the magnitude ofthe   

fluctuationfield dependsupontheelectron－PrOtOndistanCeS distributedvalues ofn   

WereObtained．Inthiscase，themagnetizationfortheshortdurationtimeてincreasesas   

thesquarerootofてWhenspindifRISionamongprotonsisslowenough［38］．Infact，the   

fastcomponentwasrough1ysatisBedwiththisrelationshipsupportlngthisinterpretation   

OftheparamagneticrelaxationmechanismasshowninFig．2－6．  

Fortheprotonsfar倉omtheunpairedelectrons，theparamagneticfieldisso   

Weakened thatthe spin－di侃1Sionmechanism amongtheprotonsbecomesthe main   

processoftherelaxation．Sincetheexponentia171behaviourisexpectedforthese   

protons，theobservedslowcomponentisattributabletothoseprotonsremote舟omthe   

paramagneticelectrons．  

Thedecreaseofthefastmagnetizationcomponentobservedwithincreaslng   

temperatureshowninFig・2－3impliesthedecreaseinthenumberofprotonsplacedin  
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Fig．2－5TemperaturedependencesoflH2lobservedat20．96（＊）and40・14MHz（○）   

h［Pt（en）2］［PtBr2（en）2］（C104）4・孔ShowsthephasetranSitionte叩erature・  
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叫）一財（T）  

Tl／2／sl／2  

Fig．2－6TherecoveryoflHmagnetization，【城J4（T）】ofthefastrelaxingcomponent   

in［Pt（en）2］PtBrt（en）2］（C104）4at90K（42．79Mb）determinedinFig・2－2・Thebroken   

lineisBttedthemagnetizationproportionaltothesquarerootofthedurationtimeて・  
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thestrongmagnetic負eldmadebythefixedparamagnetlCSPlnS・Sincetheparamagnetic   

Pt3十densityincrystalswasreportedtobetemperatureindependent【25］，thisresult   

SuggeStSthat，uPOnheatlng，thefixedparamagneticsitesdecreaseinnumber，thatis，   

SOmeOfthe五ⅩedelectronsplnSbegintomovealongthechainapart舟omthetrapped   

Sites byobtainingthermalexcitationenergleS，andthenumberofmoⅥngelectrons   

increaseswithtemperature．  

Incaseelectronspinsdi侃ISeraPidlyenouglLtheprotonsonthechainfeela   

averagedmagneticfieldmadebytheelectrons．Thisreducesnoftheprotonswhichare   

located免r舟omelectronsandtheirrelaxationiscontrolledbythespindi凪1Sionatlow   

temperatures．Infact，thetemperaturedependenceof71intheslowcomponentgivenin   

Fig．2－5showsagradualshortemngof71uponheatlnglmPlyingthatthecontribution   

＆omthe di乱singelectron－SPintoIHrelaxation（Slowcomponent）increaseswith   

temperature・At the sametime，thedecreaseoftrapped electronswithincreaslng   

temperaturereducesthe鮎tmagnetizationcomponentinconfomitywiththedata   

showninFig・2－3・Thepresentmodeloftheelectron－SPlnmgratlOnCanbesupportedby ●  

thetemperaturedependencestudy［25］oftheESRhnewidthwhichshowedagradual   

narrOWlnguPOnheatingattributabletothemotionale飴ct・  

The dimensionality ofthe electron－Spln mOtion wasinvestigated by   

measunngtheLarmor一舟equencydependenceoflHTi・Devreuxetal・havereported   

【39－41］thatthenuclearrelaxationduetothefluctuationofthemagneticBeldmadeby  
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therandomlyjumplngelectronsplnSundertheconditionthatthediBhsionratefu1fi11sD’ ●  

》Oe，のNWhere（DcandoNareelectronandnuclearLarmorfrequencies，reSPeCtively，Can   

beglVenby  

雪‾l＝牝［言d2′（恥）・（α2＋；拙（αe）］，  （2－2）  

wherej（0）denotesthespectrumdensity，andincaseofl－D，2－Dand3－Dsystemswith   

threedi飴rentdi蝕sionratesofDl’，D2’andD3’inthesameorderwhereDl’≧D；≧   

D；are，reSPeCtively，eXPreSSedas  

（β1●＞の＞β2●，♪3●），  （2－3）  ′（の）トD＝  

I ．＿＿ 4方2上）2●  
（仇●，β2●＞の＞β3●）  （2－4）  ′（の）ユ＿D＝  

β1●β2●   の  

and  

1 ，一4g2q●   
（仇●，か2●p3◆＞0）．  （2－5）  ／（の）3＿D＝  

Here，dandaareanisotropic（dipolat）andisotropic（scalar）partsofthehyperfine  
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COuPlingbetweenprotonsandelectrons，reSpeCtively▲X；denotesthenormalizedelectron   

SuSCeptibilityperPtsitegivenby［40］  

ズニ  

（2－6）  ズ∫＝  

WherexS椚andgarethemolarSuSCePtibilityandthepowderaverage（g＝（2g⊥＋gu）／   

3）oftheg－factorsg⊥andgH，reSPeCtively．IncasetheelectronspinarenOtlocalized   

butdistributedalongthechain，thefunctionofspectrumdensityj（0）l．DintheトDmodel   

isexpressedas［41］  

l  C  
（2－7）  ′（の）l＿D＝  

2ヱ）1‥   

whereCrepresentsaconstantdependinguponthedelocalizationlengthoftheelectron   

SpindifRISingandiswrittenby  

（2－8）  C＝2γ入，   

where†isgivenbyO．33when九＞5，andLiscalledthedelocalizationlength・Dl’is  
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de丘nedusingthel－Ddi凪1SionconstantDlandtheinter－SitedistanCebinthechainas  

旦  
β1・＝   ∂2’  （2－9）  

whereDl●andDlwi11betermedasD．andDhenceforth．   

Here，itisassumedthatthecouplinglSaPPrOXimatelydipolarbecausenohydrogenis   

directlyboundtoparamagneticPt3＋atoms，thenEq．（2－2）isrew血enas  

石‾l…牝【言頼恥）＋；舶亡）】・  （2－10）  

UsingthedataonthecrystalstruCture，thedipolarcoup血gconstantdcanbecalculated   

byuseoftheequation：  

抽  

d2＝呼声2 ∑∑扉‘，  
〃H  f ノ  

（2－11）  

where穐isthenumberofcrystallographical1ynonequivalentprotons，T．酌thedistance   

betweenthej－thprotonsandthei－thmixed－ValencePt2’orpt4＋site，and†cand†H，   

electronicandprotonicmagnetogyricratios．PuttingEq．（2－7）intoEq・（2－10），the   

protonTIcontributed丘omthel－Ddi蝕sionofelectronsplnSCanbe血al1ywrittenas  
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rl－l＝肌〔（3＋7  1 払）（2がのH）‾言一芸］・ γ。  （2－12）  

TheLarmOr倉equencydependencesofIlobservedat125and303Kare   

showninFig・2－7・TheobservedTl・1versusoH－1r2plotscanbeweuinterpretedbyEq．   

（2－12），bysupportingthel－Ddi瓜sionofelectronspins．Fromtheslopeoftheplots，the   

di乱sionrateD’canbeestimatedinthewholetemperaturerangestudied・Inthis   

caluculation，d2wasevaluatedas4．5×1014rad4s．2bysubstitutingthedataofcrystal   

StruCture［13］intoEq．（2－11）．Thevaluesof必atVarioustemperatureswereestimated   

byassumlngthattheconcentrationofthedi氏1Singelectron－SPlnSISPrOPOrtionaltothe   

magnetization ofthe slow componentgivenin Fig．2－3．Calculating必uSlng this   

assumption，thetemperaturedependenceofD．wasobtainedasshowninFig■2－8・D’   

valuesincreasedgradual1yfrom4tolOX1012rads・1uponheating＆om90to180K，   

thendecreasedonheatlngtOIL．Sincethelineartemperaturedependenceobscrved   

belowca．180KcanbeexpressedusinganA汀heniusequationas  

が＝瓜●叩（），  （2－13）  

whereD。’and風denotethedi乱sionrateatthelimitofinBnitetemperatureandthe   

activationenergyforelectron－SplnmlgratlOnalongthechain，reSPeCtively，包WaS  
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OH －1／2／10A5rad－1／2sl／2  

Fig．2－7Lamor倉equency dependences ofn ofthe slowly relaxing components   

observedat125（○）and303Ⅹ（△）in［Pt（enh］PtBri（enh］（ClO4）4・Dottedlinesare   

fittedtheoreticalnproportionaltothesquarerootoftheLmor丘equencyvH（angular   

舟equencyoH）（SeeteXt）．  
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Fig・2－8Thetemperaturedependenceofl－Dspindi血sionrateD＊ofelectronsplnS ■  

ObservedinPt（en）2］PtBri（e可2］（ClO4）4．Theslopeofthedottedlinewhchindicates   

thebest－BttheoreticalvaluesglVeSanaCtivationenergyof17±2meV．㍍showsthe   

PhasetranSitionte叩erature．  
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estimatedtobe17±2meV（1・6±0．2kJmol●l）inthistemperaturerange．  

ItisnotedthatthisEIvalueisquitesmancomparedwithム＝840meV   

derived丘om the electricalconductivity measurement［42］．This di鐙もrence can be   

explainedasfo1lows：AssumngthattheunPairedsplnandthecharge－Carrierhavethe ●  

Samedi蝕sionrate，theconductivityq≠侃alongthechainisexpressedastheNemst－   

Einsteinrelation［43－45］givenby  

〃gユゐユが  

（2－14）  J沌瓜  
鬼r   

Here，nandearethechargeCarrierconcentrationandtheelectroniccharge，reSPeCtively．   

Substitutingn＝10Jperptsitederived舟omtheESRdata［25］andb＝5．5Å【13］into   

Eq．＠－14），q仙瓜＝10’3scn；lwasevaluatedat303K．Thisvalueissevenordersof   

magnitudelargerthanthemeasuredvalueoflO’10scm’1【42］．Thisco叩arisonbetween   

theNMRandelectricalconductivityresultsimpliesthatthecarriersofspinandcharge   

shouldbedi飴rentinthepresentsystem・ThedifhsingsplnCarriersdetected＆omlHn   

are，aCCOrdingly，mOStlyexplainedbythemodelofneutralsolitonsasshowninFig・2－9，   

wheretheunpairedelectronsplnOnPt3’sitermgrates丘omrighttole丘，Whereasthe ●   

electronsalternatelymgrateleRandright，reSPeCtively丘omPt3＋topt4＋and＆omPt2＋to   

Pt3＋，aSShownbythedoublelinearrows・Sincethismotioncontributesnobulkelectric   

current，WeCan＄aythatthesolitondi蝕sionisaccompaniednoelectronconductivity・  
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Fig．2－9Anacceptableneutralsolitonmodelofsplnmgrationalongl－Dchain・The ●  

numbers2，3and4representPt2＋，Pt3＋andPt4＋sites，reSPeCtively・A汀OWSinthecircles   

are＄PlnSinthe或20fbital・Thedoublearrowsrepresentthemgrationofelectronsinthe ●  

ch由n．  
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2．3．ヱPd（em）ユ】坪dBrユ（em）ユ】（ClO4）4  

TheESRsignalsobservedinpowdersamplesatthreetypicaltemperatures   

studied（133，213and293K）areShowninFig・2－10・Thesesignalswithanisotropyare   

ascribedtotheparamagneticPd3’sitesonthechainlThepeaktopeaklinewidthA％   

obtained庁ominthederivativecurveWaSgradual1yreducedwithincreaslngtemPerature・   

The AZhpln POWder spectra onglnateS mOStly愈一Om the anisotropy ofgqfactors ●●  

convolutedwiththelinewidthofeach血ecrystal・AssumlngthattheanisotropyofgL ●  

factorsisindependentoftemperature，Afhwiththenarrowlnge飴ctcouldberoughly   

expressedasArrhenius－typerelationshipglVenby  

蛸〝…吼＋卯Xp（，  （2－15）  

WhereAHh，AHJand∠16denotetheanisotropylinewidth，theslnglecrysta11inewidthat   

thelimit ofinBnite temperature and the activation energy，reSpeCtively．In the   

temperaturerangeinvestigated，Acisestimatedtobeca．14meV．Thisbehaviourcanbe   

explainedbythemotionalnarrowlngeffbctofthethermal1yexcitedelectronsplnSinthe ●  

CryStal・ThetemperaturedependenceofthemolarspinsusceptibilityJれobtained舟om   

theESRsignalsispresentedinFig・2－11・Inthewholetemperaturerangc，ガmalmost   

● fbllowstheCurielawglVenby  
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×0．78  

β／mT  

Fig・2－10ThetemperaturedependenceofderivativecurvesofESRspectraforapowder  

SampleofPd（en）2］PdBr2（eph］（ClO4）4・The血eswithasterisksarethemafkersignals  

＆omdopedM㌔＋inMgO．  
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Fig．2－11Thetemperaturedependenceofthemolarspinsusceptibuityimderived丘om   

ESRintensitiesin Pd（enh］PdBr土（en）2］（C104）4．The dotted hne represents the   

COmpOnentfolloⅥngtheCurielaw．  
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＝旦  
g～桝    r’  （2－16）  

whereCchasbeenknownastheCurieconstantandexpressedas  

少なユ拓2∫（∫＋1）  
（2－17）  G＝   

3ゑ  

ThepresentresultindicatesthataconstantnumberofnoninteractlngPd3＋splnSeXistsin ●  

thechain・ThisconcentrationofPd3＋splnSisestimatedtobeca・104perpdsite，andis   

closethereportedvalueof2．8×10J［25］in［Pt（en）2］PtBr2（en）2］（C104）4．  

InthelHNMRTlmeasurement，themagnetizationaftera7t－て－1u2pulse   

SequenCea放）rdedamarkednonexponentialrecoverylnWholefrequencyrangeStudied．   

ThisrecoverywasmoreseriousatlowtemperatureS．ThreeexamPlesfortheobserved   

dataareShowninFig．2－12．Theobservedrecoverycurvewasroughlydividedintotwo   

COmPOnentS Showlng fastand slow relaxationsin thelow－temPerature range．The   

COntributionfi・om the fast component decreases upon heatlng，and almost vamished   

above the phase－tranSition temperature TL of279 K detemined by the DSC   

measurementreportedinliterature［13］，and only asingle exponentialrecoveTyWaS   

Observedasshownat291KinFig．2－12．  

Inthewholetemperaturerangestudied，theslowmagneti2：ationcomponent  
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Fig．2－12RecoveriesoflHmagnetization，［九九J4（て）】（○）observedataLamor   

倉equency of40．4MbinPd（en）2］PdBr2（en）2】（C104）4．The slope ofdotted払es   

aBbrdsthe7loftheslow－relaxingcomponent．Thefastmagnetizationcomponents（●）   

areglVenbythedi丘もrencebetweentheobservedmagnetizationandthedottedline．  
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Showed almost a single exponentialrecovery providing a unlque n，Whilethe fast   

COmPOnentalwaysshowedmulti－eXPOnentialrecoveryglVmgnOdefiniteIIvalues．The   

temperaturedependenceofthelongnobtained丘・omEq．（2－1）isshowninFig．2－13．   

Uponheating，ndecreasedgradua11yuptoca．200K，thensharplyton，．Afteradrastic   

JumPat7も，nagalnShowedaslowdecreasewithafurtherheatingto300K． ●  

These relaxation data can be explained asfo1lows：The temperature－   

independent Pd3＋sites with a concentration of ca・10Jrevealed by the ESR   

measurementgivethefluctuationofmagnetic鮎1dstrongenoughtocontributetothelH   

relaxation・Alasu銀cientlowtemperature，itisexpectedthatthePd3＋sitesaretraPPed   

atdefectsitesformedalongthechainsand／oratthechainendsincrystals．Inthisstate，   

protonslocatednearaPd3＋sitefeelthe加ctuationofstrongmagneticBeldmadebythe   

electron magnetic moment whereits magnitude depends upon the proton－electron   

distance（月）．Ifthemagneticdipolarinteractionisconsidered，lHnisproportionalto   

RJintheneighbourhoodoftheelectronwherethespin－di飽sionamongprotonsis   

ignorable［38］．Fortheseprotons，thereshouldbeadistributionofれwhichagreeswe11   

withthenonexponentialbehaviourobservedfbrthefastcomponent．Thedecreaseofthe   

fast－relaxationmagnetizationobservedwithincreaslngtemPeratureisattributedtothe   

decreaseintherrumberofprotonsplacedinthestrongfluctuationofmagneticfield   

arOundthe点xedparamagneticsplnS．  

On the other hand，the slow component with a definite n valueis  
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Fig．2－13AtemperaturedependenceoflHTlobservedat40．4MbinPd（en）2］   

PdBr2（en）2］（ClO4）4．㍍is the phase－tranSition temperature of279K by DSC   

measurementreportedintheliterature［13］．  
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attributabletorapidlydi侃1SingelectronsplnS，WhichgivesanaVeragedmagneticfield   

fluctuationatthepositionofprotonslocatedoverawiderangealongthechains．Infact，   

●● thetemperature dependent TlglVeninFig．2－13showedagradualshorterungupon   

heating，andthisresultimpliesthatthecontribution丘・Omthedi凪1SingsplnStO Slow   

relaxationcomponentincreaseswithtemperature．  

The dimensionalityofthe electron－SPin motion can beinvestigated by   

measunngtheLarmor－＆equencydependenceoflHTl・AsdiscussedinSection2．3．1， ●  

PrOvidedtheelectronsplnSrapidlydi氏1Sealongthechain，theproton71duetomagnetic   

負eldfluctuationmadebytherandomiyhopplngelectronsplnSalongthel－Dlatticeis   

proportionaltothesquarerootoftheLarmor倉equencyasgivenbyEq．（2－12）．The   

＆equencydependenceofTi・10bservedat91，200and287KareshowninFig・2－14・Itis   

notedthattheobserved n－1versusoH－1乃plots arewellexpressedbyEq．（2－12），   

supportlngthepresentinterpretationof71・Thedi侃1SionrateD．andthedelocalization   

parameterCcanbeestimated舟omtheslopeofplotsandtheinterceptontheoH－1r2axis，   

respectively．InEq．（2－12），X且isroughlyevaluated丘omEqs．（2－6），（2－16）and（2－17），   

byassumlngthatthetemperaturedependenceoftheconcentration鳩ofdifRISingsplnS   

Canbeexpressedas  

〃。＝〃。叩（），  （2－18）   
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Fig．2－14Lamor鮎quency（OH）dependencesoflHnoftheslowcomponentsobserved   

in【Pd（en）2］PdBr2（en）2］（ClO4）4・Dotted血eshavealheNrelationswiththesquareroot   

oftheLamor倉equencyvH（angular丘equencyoJ・  
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WhereNbandA6arethetotal（fiⅩedanddi蝕sing）spinconcentrationgivenbyca．10J   

andtheactivationenergyforthespinmotionofca．14meV（＝1．4kJmol‾1）giveninEq．   

（2－15），reSpeCtively，botharederived丘omthefbregoingESRresult．Calculating   

uslngthisassumpt10n，andthedvalueof4・5×1014rad4s・2whichwasevaluatedby   

Substitutingthereportedcrystaldata［13］intoEq・（2－11），thetemperaturedependence   

ofD’wasevaluatedandisshowninFig・2－15・Belowca・200K，D．canbeexpressedas   

Eq．（2－13）withD。●＝4．5×1013rads’landEa＝7．5±4meV（＝0．72±0．4kJmol．1）．  

UsingEq．（2－8），thespin－delocalizationlengths九werecalculatedtobe20   

at91K，12at122K，26at142K，6at200Kand8Pdsitesat287K，reSPeCtively．   

Since九isconsideredtobetemperatureindependent，itsvaluewasroughlyevaluatedto   

be15±10Pdsitesontheaverage．Thisvaluecanbecomparedwiththereportedvalues   

（入＝Ca．17）forundoped trm2S－POlyacetylene［46］and（九＝Ca．20）fbr Pd（chxn）2］   

PdBr2（chxn）2］Br4（chxn：1R，2R－CyClohexanediamine）［31］andthetheoreticallyderived   

Valuesof九＝Ca．12forhalogen－bridgedmiⅩed－Valencecomplexes［47－49］．Assuming   

that the unpaired spln and the charge－Carrier have the same d凪1Sion rate，the   

conductivityalongthechainisestimatedtobeca・10q2scm－1at287Kusingthe   

Nernst－EinsteinrelationgivenbyEq．（2－14）．Thisvalueissixordersofmagnltudelarger   

thanthemeasuredvalueoflO’8s cm’1［42］．Thecarriers ofspinand charge are，   

accordingly，di飴rentin the present system suggestlngthat the splnS fbrm neutral   

SOlitonsinconformltywiththemodelillustratedinFig．2－9．  
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Fig・2－15Thetemperaturedependenceofl－DdiihsionrateD＊ofelectron splnS ●  

deteminedin［Pd（enh］PdBr2（en）2］（ClO4）4・TheslopeoftheAtteddottedlinegivesan   

activationenergyof7・5±4m押・㍍isthephase－tranSitiontemperatureof279K［13］．  
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2．3．3［Pd（em）ユ】PdClユ（en）ユ】（C104）4  

TheDSC measurement revealed aphasetransitionat263±1Kwith a   

tranSitionenthalpyofca・11kJmol・1・Thistransitiontemperatureisingoodagreement   

withthatdeteminedbythemeasurementoftemperaturedependenceofX－raylattice   

ParameterS［13］．  

Inthewhole temperature range studied，theESR spectra measurement   

revealedthepresenceofparamagneticPd3＋siteswhoseconcentrationshowedanalmost   

temperatureindependentvalueoflOJ－10・5inmolarratiotothatofthenormalPd2＋and   

pd4＋sites．  

1Hmagnetization a鮎r a7t／2pulse a放）rdedamarked nonexponential   

recoveryoverthewhole＆equencyrange（20－55MHz）studiedasshownFig．2－16．This   

recoverywas more serious atlow－temPeratureS．The observed recovery curve WaS   

roughlydividedintotwocomponentswithfastorminorandsloworm往】Orrelaxations． ●  

Thetemperaturedependenceofmagnetizationratioofthefasttoslowcomponentis   

ShowninFig．2－17・Thecontribution舟omtheshortcomponentdecreasesuponheatlng，   

andvamihedabovethephase－tranSitiontemperature（㍍）andonlyasingleexponential   

recoverywasobtained，  

In the whole temperature range，the slow component showedalmost   

exponentialrecovery，WhichcanprovidedeBnite71values，Whereasthefhstcomponent   

always showednonexponentialrecoveryandcouldgiveno accurate71values．This  
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略－M（T）  

arbitcary scale 

Fig．2－16TherecoveryoflHmagnetization，【城胡竹）】（○）observedat83K（54．27   

MH⇒inPd（enh］PdCl2（enh］（ClO4）4．Theslopeofdottedhea助rdsIlof27softhe   

slowreladIlgCOmpOnent．Thefastmagnetizationcomponent（●）isgivenbythedi飴rence   

betweentheobservedmagnetizationandthedottedline．  
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Fig．2－17AtemperaturedependenceofthelHm咽1etizationrado，【M（鮎t）／M（slow）］   

of鮎t to slow recoveriqg component observed at 54・25MhinPd（enh］   

PdCl2（enh］（ClO．）．．㍍isthephase－tranSitiontemperatLmOf263ⅩdetembedbyDSC  

measurement．  
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Shortcomponentcanbeasslgnedtotherelaxationduetotrappedorfixedparamagnetic   

Pd3＋sitesonthechain・Thisisbecausethemagnitudeofmagneticdipolarinteractions   

betweentheparamagneticimpuritiesandprotonslocatedclosetotheelectronsplnS   

dependsupontheelectron－PrOtOndistances．  

On the other hand，the slow componentwith exponentialbehaviouris   

attributableto rapidlydifRISing electron splnS，Which glVeS aVeragedfluctuation of ●  

magneticBeldatprotonslocatedoverawiderangealongthechains・Theobserved   

gradualdecreaseofthefastcomponentuponheatlngCanbeattributabletotheonsetof   

di乱sionofthetrappedsplnSbythermalexcitation．Infact，thetemperaturedependence   

OfngiveninFig．2－18showsagradualshortenlngOfTluponheatinglmPlyingthatthe   

contribution舟omthedifRISingspinstoIHrelaxation（slowcomponent）increaseswith  

temperature・  

Thel－D electron－SPin di侃1Sion can beinvestlgated by measunng the   

Larmoト＆equencydependenceofTl，aSShowninSections2・3・1and2・3・2・n－1versus   

o．1nplotsobservedattwotemperatures（90and140K）areshowninFig．2－19．The   

clearolr2dependenceoftheobservedTlisexplainablebythe瓜uctuationofmagnetic   

BeldmadebyelectronsplnSrandomiyjumplngalongl－DlatticeproposedbyDevreuxel   

al．【39－41］．WhenthespindifRISionrateD．onthechainfu1fillsD’≫oH，Oc，71is   

satisBedwiththerelationshipgivenbyEq．（2－12）．InEq．（2－12），theelectron－SPin   

●● susceptibility羞1SrOugh1yevaluated，aSderivedinSection2．3．1，byassumlngthat  
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Fig．2－18AtemperaturedependenceoflHnobservedat54．25MhinPd（enh］   

PdC12（enh］（ClO4）4．7Lindicatesthephase－tranSkiontemperature．  
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Fig．2－19Lmor一位equency匝Jdependences of7loftheslowreladqg components   

Observedat90（○）and140Ⅹ（●）inP｝d（en）ユ】PdC12（e可2】（ClO4）4．DottedhleSareBtted   

theoreticalvalues，PrOPOrtionaltothesquarerOOtOftheI．amlOr丘equencyvH（   
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temperaturedependenceoftheconcentrationofthedi瓜singsplnSisproportionalto   

thatoftheslowcomponentpresentedinFig．2－17．Usingthis必，andthedvalueof4．5   

×1014rad4s．2whichwasderived＆omthereportedcrystaldata［7］，thetemperature   

dependenceofD’isobtainedasshowninFig・2－20・ThehighD．valuesamountingto   

lO12rads・1seemtobeexplainedbytheneutralsolitonsmodelbecauseaverylow   

electricalconductivityoflO－12scm‾1hasbeenreported【42］atroomtemperature．This   

neutralsolitonis expectedto beproducedbythephasemismatching ofthePeierls   

distortioninthemodelshowninFig．2－9．  
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Fig．2－20The temperature dependence ofトD dihsion rate D＊ofelectron spms   

detenninedinPd（e鴫】PdC12（e喰】（C104）4．TheslopeofthedottedlinegivesanaCtivation   

energyofll±4meV．Ilindicatesthephase－tranSidontemperature・  
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2．3．4【pd（em）ユ】ⅣtXユ（em）ユ】（C104）4   

●     Intheforegolngdiscussion，Weattributedtheparamagneticsitesformedin   

【M（ep）2］隅（en）2］（ClO4）4（M：Pt，Pd；X：Cl，Bりtoneutralsoutons．Thisexplanation   

COuldnotbedirectlyderived紆omourexperiments，but，aSanaltemativepossibility，the   

modelofpolarOnSalsocanbeappliedtotheal）OVeSyStem．ToconBrmtheformationof   

neutralsolitonsin［Pt（en）2］PtBri（en）2］（C104）4andPd（en）2］Pd笈（en）2］（C104）4（Ⅹ：Cl，   

Br），electronspinbehaviourinahetero－metalcomplexPd（en）2］PtX2（en）2］（ClO4）4（1）   

wasinvestigatedbymeasuringESR，1HNMRnanddi飽rentialscamingcal0rimetry   

PSC）．ThechainstruCtureinthecomplexlisshownaS－Pd2’－X－Pt4’－X－Whichhasthe   

non－degeneracyintheelectronlcgroundstate，Whichmakesthesolitonsformationmore   

di銀cultasmentionedinSection2．1．  

TheESRspectraoflobservedinthetemperaturerangeOf150－300K   

revealedthepresenceofparamagneticsiteswhoseconcentrationwasshowntO have   

almosttemperatureindependentvaluesofca・10－5inmolarratiotothenormalPd2＋and   

Pt4＋sites，and these valuesare One Order ofmagnitudelower than thosein   

［M（en）2］腫（en）2］（ClO4）4（Ⅹ：Cl，Br）（2）．Withincreasingtemperature，thespectra   

Showednomarkednarrowlngattributabletotheelectron－SPlnmOtionasobservedin2． ●  

ThelH NMR n measurement oflin the LarmOr倉equencyand   

temperaturerangeS Of20－54MHzand90－320K，reSpeCtively，affbrded roughly   

exponentialbehaviourofthemagneti2：ationrecovery．Thenvaluesobserved’at140K  
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（54．3MHz）inmixed metalcomplexes Pd（en）2］PtCl2（en）2］（C104）4and【pd（en）2］   

PtBr2（en）2］（ClO4）4Were77and74s，reSpeCtively，Whicharemuchlongerthan7・4sin   

Pt（en）2】PtBr2（en）2］（ClO4）4，18．2sin【pd（en）2］PdBr2（en）2］（ClO4）4and17・6sin   

Pd（en）2］PdC12（en）2］（ClO4）4．  

TheDSCmeasurcmentrevealedphasetranSitionsinchloro－andbromo－   

COmplexes at281±1and295±1K，reSPeCtively，withalmostthe sametranSition   

enthalpyofca・10kJmol－1・BesidestheseanOmalies，Smal1heatabsorptionswer6   

0bservedinbromo－COmplexat275±5and300±3K・Sincethesetemperaturesare   

Closetothoseobservedin2，thesmal1anomaliesareattributabletocrystal2mixedin   

Smal1amOuntinthecrystal1．Thearearatiooflto20btainedintheDSCcurveswasca．   

10・2．  

TheNMRrelaxation－timemeasurementcanaffbrd a sensitiveprobefor   

detectinganyunpairedspinlocatedintheneighbourhoodofresonantnuClei．Thelong   

lH71inlimpliesthepresenceofasmalleramOuntOfparamagneticsplnSthanin2．The   

exponentialbehaviourofthelHmagnetizationrecoveryandthequitelongnaremOStly   

attributabletoanuclearspin－di氏ISionunderalowconcentrationoftheelectronsplnS・   

The fact that the contribution to this mechanism舟om the fast componentwith   

distributed71valuesasdescribedinSections23．1，2．3．2and2．3．3wasverysmallcan   

●● beexplainedbythelowspindensity．BycompanngthesplnCOnCentrationderived舟om   

ESRspeCtraandlHmagnetiヱationrecoverycurvesand71valuesobservedinlwith  
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thosein2，itisclearthatparamagneticM3＋sitesbecomedijEculttobeformedinl．Itis   

notedthatlhasanon－degenerateelectronicgroundstatewhichmakestheformationof   

neutralsolitonsdi氏cult．Ontheotherhand，Pt（en）2］PtBr2（en）2］（C104）4（seeSection   

2．3．1），Pd（en）2］PdBr2（en）2］（ClO4）4（see Section2．3．2）and［Pd（en）2］PdC12（en）2］   

（ClO4）4（seeSection2．3．3）whichhavethetwofo1ddegeneracyofthechainstruCture   

haveahigherconcentrationofelectronspinswhichshowedrapidl－Dspindi瓜1Sion．   

Theseresultssupportourasslgnmentthatthedi払1SingsplnSObservedin2formneutral ●●  

SOlitons，lnOtherwords，theneutral－SOlitonconcentrationinlisquitelow．Fromthe ●  

analysisofDSCmeasurement，itseemsthatapartofasmal1amOuntOfparamagnetic   

SplnSObservedbyESRspectrainlisattributabletobeneutralsolitonsformedin2   

rmxlnglnaSmal1amountinl．      ●   ●         ●  
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2．3．5Compadsonofが  

The evaluated difalSionrateD’and the activation energyobtained on   

【Pt（en）2］［PtBr2（en）2］（C104）4and【Pd（en）2］［PdX2（en）2］（ClO4）4（X：Cl，Br）are hthe   

orderoflO12－1013rads－1and5－20meV，reSPeCtivelylbelowca・150K，Whichare   

COmParabletothosereportedin［Pd（Chxn）2］［PdBr2（Chxn）2］Br4andtran叩Olyacetylene   

asshowninTable2－1．meD’valuesof［M（en）2］［M為（en）2】（ClO4）4alldpolyacetyleJle   

【46］arelargerthanlO12rads．1［31】deteminedin［Pd（Chxp）2］［PdBr2（chxp）2］Br4having   

a2－DorderingstruCtureOfvalencestate．Thisdifftrencec胤nbeexplainedbythemarked   

isolatedl－DstruCtureOf［M（en）2］［M‰（en）2］（C104）4andpolyacetylenefavorabletothe   

soutondifhsion．ThedifftrenceoftheD’valuesbctween［Pd（en）2］［PdC12（en）2］（C104）4   

and【Pd（en）2】【PdBr2（en）2］（C104）4in90－150Kissupportedfromtheconsiderationof   

difftrenceintheelectronoverlapbetweenthePddz20rbitalandthehalogenpzorbital・  
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Table2－1Thecomparisonsofthespinconcentration（〃）inmolarratio，thedi瓜sionrateP’／rads’1），  

theactivationenergy（且／meV），thedelocalizationlength（九）oftheelectronspindifRISioninthe  

temperaturerange90－150Ⅹ，theelectricalconductivity（0／Scm．1）alongthechainandtheratio（月）of  

theM小一X／he’－Xbondlengthsat roomtemperature evaluatedin【M（en）2］陣（en）2］（C10．）．，  

Pd（chxn）2］PdBr2（Chxn）2］Br4andtrans－POlyacetylene．  

n  D’／rads’1  EJmeV   入  G／Scm・1R  

Pt（en）2］PtBr2（en）2］（ClO．）．10Jl［25］4－10×1012  

Pd（en）2］PdBr2（en）2］（ClO．）．10－4 1－3×1013  

Pd（en）2］PdC12（en）2］（ClO4）4104－10－5 6－10×1012  

Pd（cbm）ユ】Ⅳ戯厄（cbm）2】馳13×10彗10】1012【31】  

17  10－11【42］0．83【13］  

7．5   15  10－＄P2］0．・＄6【9］  

l1  10－12［42］0．77【7】  

2＿8［31】 20［31］10－3【31］0．91【10］  

かm2S－POlyacetylene  lO－3－104［46］2－4×1013［46］  17［46］10－5［50］－－－  
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ヱ．4Conelusion  

lHNMRrelaxationmeasuredon［Pt（ep）2］［PtBrt（e咄］（ClO．）．and【Pd（ep）2］   

【PdX左（en）2］（ClO4）4（Ⅹ：Cl，BT）containbg thc a血ostisolatedl－D struCturC Showed   

markedinfluencesfrom theparamagnetic splnS Whichrapidけdiffusewith a small ●  

activationenergyevenattemperaturesbelowca・150K・Theobservedhrmoト＆equency   

dependenceoflHTICanbeexplahedwellbytheDevreux，streatmentofl－Dspln ●  

diffusionwithdelocalized spmsalongthe chain・This spmmotionisattributable to ●■  

neutralso止tonsbyre血rrhgtothedataoftheelectricalconductivityandcomparpgthe   

ESRandNMRdataofmixedmetalcomplexes［Pd（en）2］［PtX2（en）2］（C104）4（Ⅹ：Cl，BT）   

W池thenon－degenerategroundstate・Theevaluateddif鮎sionrateD’andtheactivation   

energyarehtheorderoflO12－1013rads－1and5－20meVlrCSPeCtively，bclowca．150Ⅹ，   

Whichare comparabletothosereported血【Pd（Chn）之】【PdBT2（Cbm）2］Brヰandtrans－   

polyacetylene．  
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Cbapter3  

ValenceStruCtureOfHaIogen・Bridged・Pt－Pt・Ⅹ・Pt・Pt・Ⅹ・TypeComplexes  

3．1Introductiom  

Reccntly，a neW halogen－bridged one－dimensional（1－D）systcm，   

【Pt2X（P205H2）4］4－（X：Cl，Br，Ⅰ），COnSistingof－Pt－Pt－X－Pt－PトX－typeChainshasbeen   

PrePared〔1－5］・TwoPtato皿SareSurrOundedbyfourdiphosphiteligandswhichbridge   

twoPtatomsasshowninng．3－1【1－4］．Inthissystem，neWPrOpertiesdifftrentfrom   

thoseinthe－M2＋－Ⅹ－M小・X－tyPeCOmplexcsc弧bcexpected，bccauscoftheprcsenceof   

metal－metalbonds．h血ct，Ⅹ4【Pt2X（P205fも）4］（X：Cl，Br，Ⅰ）havebeenreportedtohave   

electricalconductivitiesofca．10－6，10’3andlO’1scnfl【1－3］inchloro－，bromo－and   

iodo－COmplexes，reSPeCtively，arOumdroomtemperature・Thesevaluesaremuchhigher   

than10－8－10’15scm．10bservedinーPt2＋－X－Pt4＋－X－COmPlexes［6］．  

Possible models ofthe Pt valence statein［Pt2X（P205H2）．］4．can be   

proposed to be 

（句－Pt2＋－Pt2＋－X－Pt3＋－Pt3＋－X－，   

（B）－Pt2＋－Pt3＋－X－Pt2＋一Pt2＋－X－，   

（q－Pt2＋一Pt3＋－X－Pt3＋－Pt2＋－X－，   

and   

（D）－Pt2j＋－Pt2j＋－Ⅹ－．  
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Fig・3－1ThestruCtureOfaone－dimensionalpobⅦerCOmPlex，（N叫）4［Pt2Cl（P205H2）4］  

detemiedbytheX－raydi飴action［4］・0nlyatomicarrangementSintheanionsare  

Shown．Thepositionsofthebridgedchlorineatomsaredisorderedovertwositeshthe  

C血a血．  
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ThcprobablcvalenccstruCtureShavebecndiscussedbased onthestudiesofX－ray   

di緻action［1－5］，magneticsusceptib揖ty［3］andelectromicandvibrationalspeCtra［7］．   

No consistent conchlSion on the valence struCture COuld not be derived from the  

respectivemethods・  

Inthisstudy，itisintcndedtoobtahthcaccuratcinformationonthcPt   

valencestateinthel－Dcomplexes（N叫）4［Pt2X（P205馳）4］byobservingthe31pNMR   

Chem血IshiRintheugandatomswhichissensitivetothelocalelectronicdistribution   

●●● aroundnuclei．Tomeasurcthechemicalshifthsoudstate，themaglCangle・SPlnnlng   

（MAS）NMRteclmiquewasappued・  

－58－   



3．2Experimental  

SampleP陀pamtiom  

3．2．1BinuclearPtチ＋MonomerComplexes  

APt2＋monomercomplex，私【Pt2（P205fh）．］・2H20wassymthesizedbythe   

reportedmethod【1，8，9］andusedasthestarthgmaterialbrthepreparationofPt3＋   

monomerandpolymerCOmPlexes・SincethisPt2＋potassiumSaltisairsensitivcand   

graduanydecomposesinair，aStablePt2＋monomer，Ba2［Pt2（P205H2）4］waspreparedat   

thesametimeaccordingto uterature［9］．BothcoⅡ1Plexeswcrcused fbrtheNMR  

measurement．  

3．2．2BinuclearPt3＋MonomerComplexes  

Pt3＋monomercomplexes，払【Pt2X2（P20，H2）．］・2H20（X：Cl，BI）were   

PreParedaccordingtothercpor（edmethod【3，7］・ThecomplexofK［Pt2Ⅰ2（P205H2）4］   

・nH20waspreparedbyaddingI2inasohltionofPt2＋potassiumsaltdissoIvedin   

CfI30H＋H20（1：1）fonowedbyevaporationofsolvcnttOdryness・ExcessI2remainhg   

inthecrystalswasremovedbywashhgwithether．  

3．2．30ne・DimensionalPolymerPトComplexes  

PolymerCOmPlexes，（NH4）4rPt2X（P205H2）4］（X：Cl，Br）wcresynthcsized   

accordingtothereportedmethod【1－3］・（N叫）4【Pt2Ⅰ（P205H2）4］waspreparedinas血ilar  
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mannertochloro－andbromo－COmplexes．  

Toidentifytheobtainedcrystals，X・raypOWderpatternsweremeasuredby   

use of a Rigaku CN2155D5goniometer operating at30kVandlO－15mん and   

graphitemonochromatedCuXαradiationatroomtemperature．Theobtahedpatterns   

WerCCOmparedwiththereportcddata［1－4］．  

SolidStateNMR  

ABrukerMSL－300spectrometercquippcdwithaBrukerCP／MASprobe   

headwitha5Ⅱ皿rOtOrWaSuSedforthemeasurementof31pNMRspectraatムI・armOr   

frequencyof121・496MHzandatroomtemperature・Asp皿皿grateOfca・5kHzwas ●●  

employedand8scanswereaccumulatedforeachspectrum・An85％aqueoussolution   

OfH3PO4WaSuSedastheexternalstandardofchemicalshih Sincetheshiftvalueof   

PO43－ionspresentasanimpurityhthesamPlescoincidedwkhthisstandardshiRvalue，   

thisPO43・signalwasusedastheintemalstandard・The31pspin－latticerelaxationtimeII   

WaSmCaSuredbctween290and360Kusmgthesaturationrecoverymethod・  

－60－   



3．3Res山bandDiscu∬iom  

3．3．1BinllClearPt2＋MonomerComplexes  

Thcobserved31pNMRspectraofPt2＋monomers，私【Pt2（P205H2）．］・2H20   

andBa2［Pt2（P205H2）．］atroomtemperatureareshowninFig・3－2・Ashgle31plheis   

observedforbothco皿Plexeswithsateuitesduetothccoup血gbetween31pand195pt   

U＝1n，naturalabundanCC33・8％），hdicatingdirectP－Ptbonding・Thedetc血ed   

valuesofthechemicalshifts（8）andcoup血gconstantSU）areustedinTable3－1．These   

observed values agree weuwith8＝66・14ppmandJ＝3・073kHz reported for   

私【Pt2（P205H2）4］inanaqueOuSSOlution［9］・  

3．3．2BinucIcarPt3＋MonomerComplexes  

Thespcctra observedhPt3＋monomerco皿plexes，軋【Pt2X2（P205H2）4］   

・2H20（X：Cl，Br）and軋【Pt2Ⅰ2（P205H2）4］・nH20，areShownhFig・3－3・Bromo－and   

iodo－COmplexesyieldedasinglelinewithapairofsateuiteshagreementwiththeX－ray   

StruCturalstudy［2］reportingtheequivalenceofallPatomsincrystal・Ontheotherhand，   

Chloro－COmplex，rePOrtedtohavefourkindsofPsitesinthecrystal［1】，gaVeaCOmPlex   

SpeCtrum Which could be showntO COnSist offourpeaks corresponding to the   

nonequivalentPatomsbyobservmgspectraatvariousspmnmgrates・The31pchemical ●●  

ShiftsofthesecomplexesshownhTable3－1areclosetothereportedvaluesinaqueous   

SOhltions，i・e・27・96，24・01and18・01ppminchloro－Ibromo－andiodo－COmPlexesI  
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伺  

50  

∂／PPm  

Fig．3－231pMASNMRspeCtraOfmonomerPt2’complexes：（a）私伊t2伊205H2）4］・2H20  

and（b）Ba2【Pt2伊205H2）4］．Satellitelines ofabout one－third ofthe totalintensity  

observedonbothsidesofthepeakareformedbycouplingbetween31pand195ptwith  

lkl／2and33．8％natu融yabundant．ThepeakswithasterisksareSP皿gSidebands・  
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Table3－131pchemicalshiRs（8）andcoup血gconstantS（ちt．，）inbhuclearPt2＋andPt3＋  

andpolymerCOmplexesobservedbyMASNMRspeCtraatrOOmtemperature・TheshiR  

Valuesweremeasuredfroman85％aqueousH3PO4．  

COmPOund   ∂／ppm   ヰトP／虻k   

65±2．0  3．4±0．1  
pt2＋  K4【Pt2（P205鞄）4】       B 

a2［Pb（P205鞄）4】   66±2．0  3．2±0．5   

12±0．6  

Ⅹ4【PらC12（P205鞄）4】  
15±0．9  

17±0．8  

pt3＋  24±1．0  

Ⅹ4［Pt2Br2（P205鞄）4］  27±3．0   2．2±0．3  

Ⅹ4［Pt2Ⅰ2（P205鞄）4】   
21±2．5   2．2±0．5   

27±4．659±2．2  

（NH4）4［Pt2Cl（P205ち）4】   38±1．870±3．0  

polymer          （NH4）4【Pt2Br（P205鴇）4］   
24±3．553±1．5  

36±1．565±2．0  
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Fig・3－331pMASNMRspectraofmonomerPt3＋complexes：（h）私【Pt2Cb（P20，H2）．］  

・2H20，（り払【Pt2Br2（P20sH2）4］・2H20，（C）粘【Pt2Ⅰ2（P205H2）4］・nH20．nepeakswith  

asteri＆sarespmⅢ喝Sidebands・Thea＝TOWShowstheslgnalofPO43－ippurityw ●●●  

WaSuSCdasthc血temalstandard．  
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respcctiv叫【9－11】・ThccoupungconstantsJit・PgivenhTable3－1arealsoclosetothe   

reportcdvalucs2．100and2・139kHzinbro皿0－andiodo－COmplexes，reSPCCtiv叫，   

observedhaqueoussolution［9－11】．TheseresultsfbrthePt2＋andPt3’monomersimply   

thatthestruCtureOfthecomplexeshsolidisclosetothoscinaqueoussolutionlnamely，   

thcpresenceofthealmostisolatedmonomercomplexionsisalsocxpeCtedinthesoud  

State．  

The31pchemi鎚IshiftvahleSinthePt3＋complexessmauerthanthosehthe   

Pt2＋complexcscBLnbcattributedtothedi飴renceinthcparamagneticsh拍8pwhichis   

hvcrs叫PrOPOrtionaltotheclectronicexcitationenergyassociatedwiththe31pvalence   

electrons［12］．SpeCtrOSCOPicstudiesonK4【Pt2Cl2（P205H2）4］andX4【Pt2（P205H2）4］h   

solution［8，9］haveshownthattheelectromiccxcitationenergyinthePt3＋complexis   

higherthanthatofthePt2＋complex，COnSistentwiththepresenttendencyofchemical   

Sbi丑．  

Onchloro一，bromo－andiodo－COmPlexesofPt3＋insolution，thereported   

ValuesofchemicalshiR［9－11】，WhichincreaseinthcorderofI＜Br＜Cl，Canalsobc   

qualitativelyexplainedbytheoppositeorder（Cl＜Br＜I）ofenergydifftrencesofthe   

reportcdelectrmicstate［7，8】・Asbrthesoudstateshift血thepresentPt3＋complexes，   

thisordercanbeappuedcxceptforthechloro－COmPlexwhichexhibitedmultiplelines   

duetothelow－Symetriccrystal鮎1d・  

Ithasbeenreported【13］thatthecouplingconstantJdecreaseswiththe  
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hcreaseinthecoordinationnu血bcrofthecoupledmetal．Thepresentresultthatfour－   

coordinatedPt2＋complexcshavcJvalueslargerthanthoseinthesix－COOrdinatedPt3＋   

system can be explained by this general trend. 

Itcanbeseen丘omTable3＿1thatthedi飴rencehthe31pchemicalshi＆s  

betweenPt2＋and Pt3＋complexes（12－27and ca．65ppm，reSPeCtivdカSeemS   

Su伍cientlylargecomparedwiththecrystal鮎Idsplitthgsofca．12ppmasobservedin   

Pt2＋chloro－COmplex・Thisresultmeansthat，fromtheNMRchemicalshiameasurement，   

itispossibletodis血guishPt2＋fromPt3＋anddeterminethePtvalenceinthepolymer   

COmplexes．  

3．3．30ne・DimensionalPolymerPt・Complexes  

InFig・3－4Ithe31pNMRspectraobservedhthepolymerCOmplexes   

（N軋）4［Pt2Ⅹ（P205H2）4］（X：Cl，Br，Ⅰ）are shown・Chloro－and bromo－COmplexes   

exhibitedapaⅡOfpeakswithalmosttheequalintensity，andthcobservedshiftvalues ●  

showninTable3－1areclosetothoseinthePt2＋andPt3＋monomers・X－rayStruCtural   

Studiesonthesecomplexes［4］revealedthattherearetwokindsofnonequivalentPsites   

ineachPt2（P205托）4unltshowninFig・3－1・Therespectivedoubletlhes血Fig．3－4，   

eachofwhichwasseparatedbyca・10ppm，C弧thereforebcasslgnedtothetwokinds ●  

OfPatomsplacedindi飴rcntcrystalBelds・Sincetheaveragedshi允valuesforthese   

doubletscorrespondtothosehPt2＋andPt3＋monomers，thedoubletsobservedatahigh  
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Fig．3－431pMASNMRspectraofpolymerCOmPlexes：（a）（Nn）．［Pt2Cl（P205H2）4］，（b）  

（N払）4［Pt2Br（P205H2）4］，（C）（N叫）4［Pt2Ⅰ（P20sH2）4］・The peakswithasterisks are  

spmgsidebands・ThearrowsshowtheslgnalofPO43一血puritywhichwasusedasthe ●●  

intemalstandard．  
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andalowBeldareattributabletothe31pnucleibondedtoPtatomswhicharenearlydi一   

andtri－Ⅴalent，rCSPCCtivcly・Ontheothcrhand，hiodo－CO叩Iex，tWOP由ksofrough1y   

Cqualintensitywerc・Obscrvcdat19±2・6and65±1・7ppmalsoasslgnabletoPt2＋and ●   

Pt3’states，reSPeCtivcly．TbcseJeSuks clearlyhdicate that thc present po匝1er   

COmPlexeshaveamixedvalencestruCturehwhichthePtatomsconsistoftwokindsof   

valencestatesclosetoPt2＋andPt3＋withalmostthesameCOnCCntration・Thepresent   

NMRresults，aCCOrding，eXCludethepossibiutyofmodel（D）－Pt23＋・Pt23＋－Ⅹ－given   

aboveandsupportsmodels（句－Pt2＋－Pt2＋－X－Pt3＋－Pt3＋－X－，（B）－Pt2＋・Pt3＋・X－Pt2＋－Pt3＋－X－   

and（C）－Pt2＋－Pt3＋－X－Pt3＋－Pt2＋－Ⅹ－．  

In（NH4）．［Pt2Ⅰ（P20，H2）．］，the31p－195pt coup血g constantJcould be   

dctcrmincdas2．3±0．5and2．5±0．5kHzbr31pcoordinatcdtoPt3＋andPt2＋atoms，   

respeCtively・ComparedthcseJvalueswith3・4and3・2kHzobservedhsolidstateon   

monomer私【Pt2（P20sH2）4］andBa2［Pt2（P20sH2）4］，reSPeCtively，thesmauervalueof2・5   

kHz hthe pol叩er Canbc explained bythe changeOfPt2＋coordhationafter   

polymerization，namely，thePt2＋coordinationisnolongerplanarbutclosetooctahedral，   

舶SeenhFig．3－1・  

h struCture（句，Pt d electrons c加圧be pairedand no paramagnetic   

behaviourisexpected〉WhercasanunPairedelectronshouldbepresentateachunkh   

models（B）aJld（q．h（B）and（C）states，thefluctuationofmagneticBeldmadebythc  

paramagneticsplnSattheposkionof31pnucleiglVeSStrOnginhenceonthe31pspm－                                                                                                                                         ●  
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latticcrelaxation，althoughtheunPairedsphineachunitisprobablypartlycance止edby   

theant脆rromagnetichtcractionwiththeneighbouringspinsinthel－Dc血ah．Onthe   

Otherhand，nOParamagnetice飴cttakesplacein皿Odel（句．In血ct，thePt2＋andPt3＋   

monomerswithnoparamagneticspmsshowedquitelong31pspin－latticerclaxationthc ●  

IlamOunting to ca・100and40sin Ba2［Pt2（P205H2）4］and Xi［Pt2Ⅰ2（P205Hi）4］，   

respeCtiv叫，atrOOmte叩Crature・The31pT10ftheabsorptionlinesat19and65ppm，   

Observcdin the polymer（NIt4）4［Pt2Ⅰ（P205H2）4】was measured by cmploying the   

Saturationrecoverymethodintherange293－360K・Themagnetizationrecoverya触ra   

7C佗pulsewasquiteanalogousforbothlhesandcouldnotbeexprcssedbyashgle   

exponentialfunctionasshowninFigs・3－5and3－6respectively，butitwas蝕tedroughly   

bythcsumoftwo21valuesofO・5±0・2andlOO±20sforboth血esinthete皿Perattlre   

rangestudied・Ftomthe血ctthatthenvalueoftheslowrecoverycomponentwhich   

WaS血them再0rity（60－80％）of31pmagnetizationcorrespondstothoseinthe   

diamagnetic monomer complexes，the polymer COmPlex（Nn）4［Pt2Ⅰ（P205H2）4］is   

expcctedtohaveanintrinsicauylongTlindicatingtobeessentiauydiamagnetic．   

ObservedIIvalues of the slow componentin（N叫）4［Pt2Cl（P205H2）ヰ】and   

（NH4）4［Pt2Br（P205H2）4］werealsointhelongrangeOflO－100s，andthesecomplexes   

Canbesupposedtobeinthediamagneticstate・Thisresult飴nnOtbeexplahedby   

models（B）and（C），andhencemodel（A）isconcludedtobethcmostprobable．The   

PreSenCe Of a 血st（mhor）magnetization component血plies the fomation of  
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Fig．3－5Therecoveryof31pmagnetization［（怖TM（て））／Mh］（○）a鮎ra花佗pulse  

Observedforthepeakat19ppmh（NH4）4［Pt2Ⅰ（P205馳）4］atroomtemperature（hmor  

＆equency：121．496M馳）．TheslopeOfdottedlinea放）rdsalongれ（96s）・Thehst  

magnetizationcomponent（●）whichleadstotheshortTlisgivenbydifftrencebetween  

theobservedmagnetizationandthedottedune．  
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Fig・3－6Therecoveryof31pmagnetization［（怖「叫T））／弧〕（○）a鮎ra7CnPulse   

Observed f牢the peak at65ppmin（N払）4［Pt2Ⅰ（P205H2）4］at room temperature   

（121・496MHz）・Theslopeofdotted血ea飽rdsalongTl（81s）．Thefastmagnetization   

COmpOnent（●）isgivenbydiffbrencebetweentheobservedmagnetizationandthe  

dotted血e．  
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ParamagneticsitesinthecTyStals・Thesespmsseemtobeatimpuritiesorthecndof ●  

polymerChains．  
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3．4Conclu5ion  

31 pMASNMRspeCtraOf－Pt－Pt－X－Pt－PトX－tyPel－Dmetalcomplexes   

（N払）4［Pt2（P205H2）4］（X：Cl，Br，Ⅰ）weremeasuredatroomtemperature．Twokindsof   

resonanCe血cswereobservedhthesecomplexesatchemi飴Ishi＆sof20－40and50－70   

PPm，WhosevaluesareclosetothosehbinuclearPt2＋andPt3＋complexescontainhg   

【Pt2（P205H2）4］4‾and【Pt2X2（P205H2）4］4．ions，reSpeCtively．Thisresultsupportsthe   

mixed－ValencestruCturemOdelinwhichthevalencesarealmostthesameaSPt2＋andPt3＋   

foundinthemonomercomplexes．Sincethefhctthatquitelong31pれValueswere   

Observedonthesecomplexcs血puesnoparamagneticspinstruCture，itisconcludedthat   

thevalencestruCtureis－Pt2＋－Pt2＋＿X＿Pt3＋＿Pt3＋＿X＿．  
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Cbapter4  

E）ectron SpjnI）ynamicsin anIodo・Bridged BinuclearNickelComp）ex，   

Ni2（CH3CSユ）J  

4．1Imtroduction  

Ahalogen－bridgedone－d血ensional（1－D）complexNら（CH3CS2）．Ⅰ’hasthe－   

M－M－X－M－M－X－tyPeStruCtureS血ilartothatof（N払）4［Pt2X（P205Ⅰも）4］reportedin   

Chapter3・ThistypeCOmPlexisexpectedtohaveanelectronstruCturedelocali2：edmore   

thanhthe－M－X－M－Ⅹ－tyPebecause ofthepresenceofmetal－metalbonds・In魚ct，   

Ni2（CH3CS2）4Ihasbeenreportedtohavea血ighelectricalconductivityof2．5×10’2s   

cm’1atroomtemperature［1】andavalencestruCtureOf－Ni23＋－Nヂ3＋－Ⅰ－Nヂ3＋－Ni23＋－Ⅰ一   

WithnoPeierlsdistortionwaspredictedfromthemeasure皿entSOfX－raydi放action   

【1，2】and magnetic susceptibility［1〕・The dimericmit containsfour bridging   

d池ioacetatougands，andeachnickelatomissurroundedbyfoursu血ratomsformga   

● SquarePlanara汀叩gementaSShowninFig・4－1・Inthepresentchapter，theelectronspm  

dymamicsinNi2（CH3CS2）4Iisdiscussedindeta弘丘omtheanalysisofthesoud－State13c   

CP／MASNMRspectraandユHNMRrelaxationmeasurements・  
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Fig．4－1ThestruCtureOftheiodo－bridgedone－dimensional（1－D）complex，N2（CH3CS2）4I   

detenninedbyX－raydi缶actionatroomtemperature［1，2］．  
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4．2Experimental  

NMRmeasurementswere pcrformed onthe crystals prcpared bythe   

reportedmethod【2］．13ccp／MASNMRspectrawercmeasuredw地aBrukerMSL－   

300spectrometeratImor丘equenciesof75・468and300・13M馳for13candlH，   

respeCtively，atrOOmtemPeraturC・Thecontacttimcwaschosentobcl・Omsandthe   

SPCCtraWereaCCumulated15，000scanswitharepetitiontimcoflOs・ThechcmicalshiR   

Ofglychecarbonylcarbonat176ppmwasusedasthecxtemalstandard・  

TempcratureandbrmorfrequencydependencesoflHNMRsph－lattice   

■ relaxationtimenwcremeasuredinrangesof90－300Kand20－300MHzuslnga   

home－made pulsed spectrometer reported h Chapter2and a Bruker MSL・300   

SPeCtrOmeter・Thehversionrecoverymethod applyhgthe7C－t一冗／2pulsesequence   

WheretisthetimeintervalbetweenT【andn佗pulseswasemployedtodetermineTi．  
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4．3ResⅦlt5andDiscu55iom  

4．3．113cc‡りMASNMRSpect柑  

Theobserved13ccp／MASNMRspectrumOfal－Dpo匝1erCO叩1ex   

Ni2（CH3CS2）4Iatroomte皿PeratureisshownhFig．4－2．Thesharpdoubletlhes（6彩   

30pp皿）couldbeassignedtotwokindsofnonequivalentCH3grOuPSincrystal・The   

widthsofthesespeCtraWerebroaderthanthoseobservedintheNi2＋monomercomplex   

Ni2（CH3CS2）4aSShowninFig・4－3・WecanseeanOther血e丘OmFig．4－2wbich   

accompaniedbyseveralsidebandsspreadoutover200－300ppmwasobservedatca・   

250ppm・TusbroadsignalasslgnabletotheCS2grOuPlmPliesthatfluctuationofthe ●●  

electronspmsonthe－Ni23＋－Ni23＋－Ⅰ・Chahinfluencesthe13cNMRsignal・Toinvestigate   

thedynamicbehaviourofthesespinsinNら（CH3CS2）4Imoreindcta札1HNMRsph－   

latticerelaxationtimeTIWaSmeaSured．  

4．3．ヱ1HNMRSpin・btticeRelaxationTimeれ  

TheobservedlHmagnetizationrecoverya触theinversionrecoverypulse   

SequenCeShowedmarkednon－eXPOnentialbehaviourinthewholetemperature（90－300   

X）and丘equency（20－300M馳）rangesinvestigated．Anobservedrecoverycurve   

ShownhFig・4－4c弧rOugh1ybeexpressedasthesuperpositionoftwode6niteTI   

COmpOnentS，IIsandZIL，eaChofwhichcouldbegivenby  
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200  

8／PPm  

Fig．4－2A13ccp／MASNMRspeCtrumOfthel－Dpoけmercomplex，Nら（CH3CS2）ヰI   

otx；erVedatroomte＝Tperature・Astedsksarespmnmgsidebandsofthesharpdoublet蝕¢・A ●●  

spiuning rate of ca. 2.2 lcHz was employed. 
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80  40   －40  ・80  0   

8／ppm  

Fk．4－313ccp／MASNMR甲血aofthe加00ⅣrNヂ＋complexNら（Cfh鴨）4andthe   

印画Nも（qもCりJo鹿Ⅳd誠一00mt御仁・  
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Fig．44RecoveryoflHmagnetization，【A名－M（T）］（○）observedaAera焔pul畠eat291   

K（34．80M比）．The slope of the broken伽e a血rdsthelong TIL＝1．45 s．The   

magnetizationoftheshort71scomponent（●）isgivenbythedilhrencebetweenthe   

Observedmagnetizationandthebrokenline・Theslopeofthedotted仏neglVeSTIs＝0．15s．  
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坤）＝棚－2exp（－  
（4－1）  

whereMbandM（て）arelHmagnetizationsa鮎r花－t－7EnPulsesobservedinthe血itoft   

→∞andt＝て，reSPeCtivdyasdiscussedinChapter2・Theshorterれswasa加aysthe   

m再Or COmPOnent（ca・65％）and the ratio ofits magnetization to thelong nL   

COmPOnentWaSalmostindcpendentoftemperatureasshowninFig・4－5・hthepresent   

● analysis，themgormagnetizationcomponentgivingIIsisc叩loyed・Thetemperature   

dependencesoftheTISObservedat21・07and40．98MHzareshowninFig．4－6．Theれs   

gavealmosttemperatureindependentvalueswithasughtincreasewithtemperature．   

Thistemperaturchdependcncycouldbeexplahedbytherelaxationduetoelectronspm ●  

flipsbctweentherneighbourhg－Ni23＋－N㌘3＋一Ⅰ－mits［3，4］．ThelongTISOftheorderof   

O・1s observed at40．98MHz suggests a stronginteraction between the spms h   

● COnSistent with the modelofthe antiftrromagnetica叫y strongly coupledl－D spm   

StruCturePrOPOSed丘omtheanalysisofthemagneticsusceptibilitydata【1］．  

hthetempcraturerangestudied，theobservedfrequency（OH）dependence   

OfIIsgavea血earrelationbetweenれs・1andoH・1J2asshowninFig・4－7whercthedata   

atthreetypicaltemperatureS，146，178and291Kareshown・ApplyhgtheDevreux，s   

treatment【5，6］onthel－Dsph－dynamicsasgiveninChapter2，nisgivenby  
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300  200  100 r／K  M（fast）  

M（Slow）  

kK／丁  

Fig．4－5Atemperaturedependenceofthemagnetizationratio，【嘲／叫slow）】ofthe   

鮎ttotheslowrecoverlngCOmPOnentObservedat40・98MHz・                                                              ●  

－84－   



300 200  100 r／K  

1s／s  

。。。。。。。 感毒 。。  

米米 米米  米  米  

0．1  

0．01  
4  6  8   10  

kK／丁  

Fig．4－6TemperaturedependencesoflHns（shortcomponent）observedatLmor   

＆equenciesof21．07（＊）and40．98MHz（○）．  
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1s‾1／s‾1  

10  5  

－1／2′10－5rad 
－1／2sl／2   

wH   

Fig．4－7Lmor丘equencydependencesoflH71s．1（shortcomponent）plottedagainsto．1a   

at146（○），178（＊）and291K（△）．ThelrDelectronspindiBhsionrateD＊and   

delocauzationlength九areObtained丘omtheslopeandtheintercq）twiththeo－h2axisin   

thedotted（146K），broken（178鱒）andsolid血es（291K）・  
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γ¢  払）（2が恥）‾…一芸】，   ち－1＝牝【（3・7  （4－2）  

Where必，dandCdenotetheelectronspmsusceptibility，themagneticdipolarcoup血g ●  

COnStantbetweentheprotonsandelectronsandaconstantexpressedas  

C＝和人  
（4－3）  

with†＝0・33for九＞5，reSpeCtively・TbedifhsionrateD’andthesphdelocalization   

length九fbrl－Dhoppingofelectronspinswereevaluatedfromtheslopeoftheplots   

andtheinterceptwiththeoH・1J2axisintheobscrvedTIS・1versusa）H・1aplots・hthis   

CalculationJWeuSed羞＝2・9×1012emuerg－1cm－3andd＝1・66×1013rad4s・2whichwere   

rough1yestimated丘omthemagTleticsusceptibiutydata［1］andthecrystalstruCture   

【1，2］，reSpeCtively・Usingthesevalues，D’andLwerecalculatedrespectiv叫tobe8．4×   

1012rads・1and57at146K，1・8×1013rads－1and52at178EiaJld6．2×1013rads・1and   

47at291K・ThetemperaturcdepcndencepofD’inthcrangebetweenlOOand300K   

COuldbedetemiedasshowninFig・4－8・hrgeD’vahleSOftheorderoflOユ3rads－1   

0btainedimpuesrapidl－Dspinmig工ationwithalowactivationenergyof48±5meV（＝   

4・8±5kJmol●1）belowca．140K．Thespindelocalizationlengthofca．50mitswas   

evaluated，aJld thislengthis muchlonger than ca・20units evaluatedfor the  
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げ／rads‾1  

1014  300 200  100 丁／K  

4  6  8   10  

kK／丁  

Fig．4－8ThetemperaturedependenceofトDdi瓜sionrateD＊ofelectronspms．Theslope   

● OfthedottedlineglVeStheactivationenergyof48±5meV．  
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【Pd（Chxn）2］［PdBr2（Chxn）2］Br4t7］and【Pd（en）2］［PdBr2（en）2］（C104）4（seeSection2．3．2）   

whichhavea－Pd2＋－Br－Pd4＋－Br－typeValencestruCturewiththePeicrkdistortion．  
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4．4Conclusiom  

13ccp／MASNMRspectraobservedatroomtemperatureandlHNMR   

rclaxationintherange Of90－300KmeasuredonNi2（CH3CS2）．Ishowedmarked   

influenccfromparamagneticspmsonl－D－N㌘3＋－N㌘3＋－I・Chain．Thealmosttemperature ●  

indepcndentlongTlOfca・0・1sisattributabletotherelaxationduetothefluctuationof   

anti血rromagneticallycoupledunPahedelectronspinsformedhthe－Ni－Ni・トchah・   

Tl－1inthistemperaturerangewasshowntOhavea血earrelationwithoIJ2whichwas   

explainedwellbythemodelofrapidsphdiffusionalongthel－Dchain・Appb血gthe   

Devrcux，streatmentonthel－Dspindynamics，thediffusionrate，aCtivationenergyfor   

thel－Dhopphgofelectronspinsandthespindelocauzationlengthwereevaluatedtobe   

theorderoflO13rads・1，48士5meVandca・50units，reSpeCtively・  
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