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EnhancementoftheExtractionofLanthanide(ImDwithZ-ThenoyltrmuoroacetoneinthePresence 

ofForeignMetal(ImIons:CoextractionofLightLanthanide(mDwithAf+,Sc許andFe3十

ＮａｏｈｉｒｏＫＡＭＥＴＡ,HisanorilMURA＊andKousaburoOHASHI 

DepartmentofEnvironmentalSciences,FacultyofScience,IbarakiUniversity,Mito310-8512,Japan 

Enhancementoftheextraction,orcoextractionoflanthanide(Ⅲ)(L､)withmetal(111)ions 
(Ｍ３+）suchasAl3+,Ｓｃ3+,ａｎｄＦｅ３＋wasfbundinatypicalchelateextractionsystemof 
Z-thenoyltrif1uoroacetone(Ⅲa)‐benzene・ThedistributionratioofLa3+wasenhancedby
afactorof6with30x１０~２ＭＡ13+，ｗhilethatofLu3＋ｗａｓnotaffectedatallThe 
magnitudeofthecoextractiondecreasedwiththeatomicnumberofLnEquilibrium 
analysisandspectroscopicstudiesindicatedthatthecoextractionwasascribedtothe 

fbrmationofthel:ladductbetweenLn(tta)3andＭ(tta)3extractedintotheorganicphase・
Theoverallequilibriumofthecoextractionwasexpressedas 
Ln3+＋Ｍ３+＋６Httaorg-Ln(tta)3(Ｍ(tta)3)｡rg＋６Ｈ十

１.Introduction 

Coextractionphenomenahavebeenfbundinvarioussolventextractionsystems，especially ～uc八ｕαしuu11pllpllulllEllqllqvcｕここｌｌｌｕｕｌｌｕｌＩｌｖとLIluuSSUlvCIlLCXLraCLlOnSySIemS，eSPeC1allyln

ion-associationSystems，andthesehavebeencomprehensivelｙｒｅｖｉｅｗｅｄｂｙＢａｇｒｅｅｖｅｔａｌ［l]・The
mechanismofthecoextractionsreportedsofiarcanbeclassifiedasfbllows： 

（１）Ionassociationbetweenthecationicandtheanioniccomplexeswiththesameligands;ｅ､9.,Ｚｎ(Ⅱ） 
wasco-extractedwithFe(Ⅲ)intoisopentylalcoholduetothefbrmationofanion-associationcomplex， 
[ZnCl]+[FeCl4J[l]． 

（２）IonassociationbetweenthecationicandtheanioniccomplexeswithdifTerentligands；ｅ､9., 
coextractionofTc(VⅡ)withＵ(VI)inthen-octyl(phenyl)-N,N-diisobutylcarbamoylmethylphosphineoxide 
(CMPO)systemhasbeenreported[2]・Theequilibriumwasproposedasfbllows：

UO2(NO3L・nCMPOorg＋TcO4~aq-UO2NO3・TcO4・nCMPOoTg＋NO3~aq．
(3)IC、associationbetweenanioniccomplexesandcationicchelates,oranionicchelatesandcations;e､９，

Ca(11)wasco-extractedwithSc(111)ｏｒＮｄ(111)asＣａ[REA4]2inwhichREA4~istheanionicrareearth(ⅡI） 
６－diketonate[1]・DyrssenhasdescribedthecoextractionoftheionassociationcomplexbetweenNa+and
anionicchelatesofthe4-isopropyltropoloneofNi(Ⅱ)orＺｎ(11)[3]． 
(4)Formationofabinuclearcomplexcomposedofthesameligand;ｅ､9.,Ｆe(11)wasco-extractedwith 

Sn(11）whenthesemeta]swereextractedbydimethylglyoxiｍｅ(H2A）astheresultofthefiormationof 
FeSnx(HA)y[l］ 

(5)Allqﾉlphosphoricacid,naphthenicacid,andcarboxylicacidsextractionSystems;themechanismsof 
thesecoextractionsysternsarecomplex,andhavenotbeencomplete]yclarifM[l]、

Ｍｏｓｔofthemechanismsproposedfbrthecoextractionrelatedtothefbrmationofion-association 

complexes．Veryfewdetailedstudiesonfimdamentalche]ateextractionsystemssuchas 
6-diketone-non-polarsolventsystemshavebeenreported 
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Inaseriesofstudiesonnovelsynergism,theremarkableenhancementoftheextractionofLnwitha 

6-diketonesuchasacetylacetone,hexaHuoroacetylacetone,and2-thenoyltrifIuoroacetone(Htta)hasbeen 
fbundinthepresenceoftris(acetylacetonato)-chromium(111）［4］ａｎｄ‐cobalt(IⅡ)［5-8]， 
tris(8-quinolinolato)cobalt(111)[9]ｏｒｔｒｉｓ(4-isopropyltropolonato)cobalt(Ⅲ)[8,10]intheorganicphase・
ThisphenomenonwasattributedtoadductfbrmationbetweenLn-l3-diketoneche]atesandtheinertCr(Ⅲ） 
orCo(111)chelatesintheorganicphase，Theseresultsrevealthatthecoordinatelysaturatedmetal(Ⅲ） 
chelatesofCr(ⅡI)andCo(111）actasacolnplexligandtowardthecoordinatelyunsaturatedchelatesof 

Ln-6-diketonesandthatadductfbrmationoccursbetweenbothchelatesevenwiththesameligand 
lnthispaper,theeffectoflabilemetalions(Ｍ３÷)suchasAl3+,Sc3ﾅ,andFe3+ontheextractionofLn 

withHttainbenzenewasstudiedtorevealtheevidenceofcoextractioninthistypicalchelateextraction 
systemToproveadductfbrmationbetweenthettachelates，ｔｈｅｅｘｔｒａｃｔｉｏｎｏｆＬｎｗｉｔｈＨｔｔａｉｎｔｈｅ 

presenceofinertCo(tta)3insteadofthelabilemetalttachelateswasalsostudiedTheequilibriumand 
mechanismofthecoextractionwereinvestigatedbynotonlyequilibriumanalysisbutalsospectroscopic 
snKliessuchaselectronicabsorptionandlR． 

２.Experimental 

21Reagents 

LnstocksolutionswerepreparedbydissolvinghighpurityLnoxides(Aldrich,99.99％)innitricacid， 
evaporatingtodlyness,andredissolvingindiluteperchloricacidStocksolutionsofAl3+,Ｓｃ3+,ａｎｄＦｅ３＋ 
werepreparedbydissolvingthecorrespondingnitrateorchloride(Wako)inaperchloricacidsolution・
Httawasobtained丘omDQjindoLab・andpurifMbyvacuumsublimation・Trihydratedtris(Z-thenoyl‐
trifluoroacetonato)europium(Ⅲ）(Eu(tta)3(H20)3)wassynthesizedinthesamemannerasdescribedina 

previouspaper[6］Tris(Z-thenoyltrifluoroacetonato)cobalt(111)(ＣＯ(tta)3)wassynthesizedusingsodium 
tris(carbonato)cobaltate(Ⅲ)preparedbytheusualmethod[11]andHttainacetone-water・PuriHcationof

Co(tta)3wasperfbrmedinthesimilarmannerasreportedpreviously[９１ThepuritywasconfIrmedby 
elementalanalysis(Found：Ｃ,３９59;Ｈ,184％・CalculatedfbrCo(C8H402F3S)3:Ｃ,39.90;Ｈ,1.67％)．
FromlH-NMRofCo(tta)3inCDCl3,itwasascertainedtobeasinglegeometricmeridionalisomer・Other
reagentsusedwereofanalyticalreagentgrade、

2.2Extractionprocedure 
AnaqueoussolutioncontainmgLOxlO~ＳＭＬｎａｎｄ２,ＳｘｌＯ~3-3.0×１０２ＭＡ13+，Ｓｃ3+，ｏｒＦｅ３＋ｗａｓ 

shakenwithanequalvolumeofabenzenesolutionof3.O×１０~ｌ－４０ｘｌＯ~ｌＭＨｔｔａｆｂｒ３－２４ｈａｔ２５ｏＣ 
ＡｆｔｅｒｃｅｎｔｒifUgation,ＬｎａｎｄＭ３＋intheaqueousphaseweredetermineｄｂｙＩＣＰ－ＡＥＳ(NipponJarrellAsh 
ICAP-575)．AnaliquotoftheorganicphasewasshakenwithO1MperchloricacidfbrlhtostripLnand 
M3+intotheaqueoussolution,whichwasthensubiectedtothelCP-AESdeterminationlnthecaseof 
Al3＋ａｎｄＦｅ３+,thestrippingwasdoneusing6MhydrochIoricacidfbr3-24hThedistributionratiosof 
LnandM3＋ｗｅｒｅｃalculatedfi･omtheconcentrationsintheorganicandtheaqueousphases・Ｔｈｅ
equilibriumpHwasmeasuredjustafterphaseseparationwithaRadiometerPHM93pHmeterwitha 
combinationglasselectrode・FromtheequilibriumanalysisalmostallM3＋wasextractedintotheolganic
phaseasM(ttaLTherefiore,theionicstrengthoftheaqueousphasecouldbemaintainedatO・l5Mby
usingsodiumperchlorate、

2.3Spectroscopicmeasurements 

AsamplesolutioncontainingLn(tta)3ａｎｄＣｏ(tta)3fbrthemeasurementoftheelectronicabsOrption 

鰯ii澱fR網;網i淵W1il翻蝋磯辮暁雪Iu鵲脇晉:Is9繩撫
fbr2Dx10-3MCo(tta)3weremeasuredinthepresenceofvaryingconcentrationsofLn(tta)3(L､:Ｌａ,Ｅｕ， 
andＬｕ)at500-700nmwithaJASCOV560UV/VISspectrophotometer・

AsamplesolutionfbrIRmeasurementwaspreparedbythesamemannerexceptthat3､OxlO-2MHtta 
whichwasequivalenttothetota1concenｔｒａｔｉｏｎｏｆＬｎｗａｓｕｓｅｄｔｏｄｅｃｒｅａｓｅａｆi・eeHttainthesample
solution、TheconcentrationoftheremainingHttawasreducedtolessthan9xlO~4MThewatercontent
inthesamplesolutionswaskeptconstantat20x10~ZMusingbenzenesaturatedwithwaterandanhydrous 
benzene、IntheIRexperiments,synthesizedEu(tta)3(H20)3wasalsousedinanhydrousbenzeneThe
lRspectraoffi7eewaterandwatercoordinatedto6・OxlO~3ＭＬｎ(tta)3(L、：ＥｕａｎｄＬｕ)ｉｎbenzenewere
IneasuredinthepresenceofvaryingconcentrationsofCo(tta)3ａｔ3000-4000ｃｍ~lwithaShimadzu-8200A 
FTLIRspectrophotometer6Ademountableliquidcel］ｗｉｔｈcalciumfluoridewindowswasuseda､dthe 
pathlengthwasadiustedtolmm． 
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3.ReSultsandDiscussion 

3.1EfTectofmetal(IIDionsontheextractionoflanthanide(Ⅲ） 

TheextractionofLa3+,Ｅｕ3+,ａｎｄＬｕ３＋wascarriedoutwith40×１０~lMHttainbenzeneinthepresence 
oｆ３ＤｘｌＯ~2ＭＡ13+,Ｓｃ3+,orFe3＋atvariouspHva1ues(Fig.1)．TheextractionequilibriumofLnwas 
studiedtoquantitativelyevaluatetheefTectofthemetalions・TheextractionofLnwithHttaisexpressed
as9 

Ln3+＋３Httaorg-Ln(tta川rg＋3H十

[L､(tta)3Lg[Ｈ+]３ 
(1) Kex,L、

[Ln3+][Htta]:堰

wherethesubscriptorgindicatesthespeciesintheorganicphase,andK6x,LnistheextractionconstantofLn、
ThedistributionratioofLnunderthepresentconditionsisgivenas， 

[L､(tta)3]org ［L､(tta)3]orｇ 
～ 
～ (2) ＤＯ＝ 

[Ln3+]+Ｚ[L､(tta)]|ﾉｰ州［L､3勺

FromEqs.(1)and(2),fbllowingrelationisderived， 

logDo＝logK6x,L､＋３ｐＨ＋３log[H杖a]or9． (3) 

TheequilibriumconcentrationofHttaintheorganicphasewascalcu]atedEromthetotalconcentration 
(CHA)ofHttaandpHasfbllows： 
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FiglExtractionofLn3＋withHttainbenzeneinthepresenceｏｒａｂｓｅｎｃｅｏｆＭ３＋ａｔＩ＝０．１５．Open 
symbols：ｗｉｔｈ3.0×１０~２ＭＭ３+；［Htta]init＝4.0×10~’Ｍ；△，Ｌａ；○，Ｅｕ；□，Ｌｕ・Closedsymbols：
withoutＭ３+;[Ⅲa]inii＝3.1×１０~１Ｍ；▲,Ｌａ；●,Ｅｕ；■,Ｌｕ､Eachbrokenlinewascalculatedfi･omthe 
K6x,LnvalueofLnandthecorrectedconcentration(3.1×10~１Ｍ)ofHtta． 
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CiIA 
[Htta]org (4) 

1＋(KHA＋[H+])/[H+]RIA 

嚇寵鍋iil;iI1113鑑鯛:評:翻鯛;ilB鯛珊gf翻穏''二ilN二ｉｉｉ鰯iXi婆m忠
beusedbecauseapartofHttaisconsumedasM(tta)3intheolganicphase・SinceM3+wasquantitatively
extracteｄｉｎｔｏｔｈｅｏＩｇａｎｉｃｐｈａｓｅａｔｐＨ２．８－４．０，thetotalconcentrationofHttawascalculatedtobe 
3､１×101Ｍ．ＴｈｅｅｘｔｒａｃｔｉｏｎｏｆＬｎｗｉｔｈ３､1×10~lMHttawasalsocarriedoutintheabsenceofM3＋ａｔＩ＝ 
0.15．Figurelshowsthattheexperimentalplots（closedsymbols）areconsistentwiththecalculated 
values(brokenlines)whichwereobtainedbyEq.(3)usingKex,L､(=１０~'014(La),１０~764(Eu),１０~666(Lu)） 
[4],KiIA(=】0~623)［12],ａｎｄＰＨＡ(=10162)［13]ａｔＩ＝0.10．ThisresultsuggeststhatthedifTerenceinthe
distributionratioofLｎｂｅｔｗｅｅｎＩ＝０.IOandO15isnegligib1eunderthegivenconditions・Therefiore,the
calculatedvaluesofDofbrLncanbeadopted・

Theenhancementoftheextraction,i､e､,coextraction,ofLaandEuisobservedinFiglwhenM(tta)３ 
wasextractedintotheorganicphasaParticularlythecoextractionofLa3＋withAl3＋isremarkablylarge 
ThedistributiｏｎｒａｔｉｏｏｆＬａ３＋ａｎｄＥｕ３＋increasedbyafactorof6and24respectivelyinthepresenceof 
3.0×10-2ＭＡｌ(tta)３ｉｎｔｈeolganicphaseOntheotherhand,nophenomenonofcoextractionwas 
observedfbrLu3十．TheenhancementoftheextractionoｆＬａ３＋ａｎｄＥｕ３＋withSc3＋ｏｒＦｅ３＋ｗａｓａ]so

f1R;iiiこぐｉｉ二瞬惠翻蹴|:１１:A謡i:ili蝋搬詔if鱗基綱鮒鰯野,．．Mソ
SincetheenhancementoftheextractionofLnwasobservedwhenlabileＭ３＋wasextractedintothe 

organicphaseascoordinatelysaturatedchelates,Ｍ(tta)3,thedistributionratioofLninthepresenceofM3＋ 
canbeexpressedasfbllows， 

、=[L､(tta)]]｡堰+Ｚ[L､(tta)3(M(tta)]几]･鰹～[L､(tta)3]･嶋+Ｚ[L､(tta),(M(tta)，ﾙ]･嶋
【L､，+]+Ｚ[L､(tta)厚"肝］［Ln3T

Theadductfbrmationintheolganicphaseisexpressedasfbllows， 

Ｌ､(tta)3,org＋'"Ｍ(tta)3,org-Ln(tta)3(Ｍ(tta)3肱or９，

Ａ｢鵲豐総昊蓋
ThefiollowingrelationshipcanbederivedfiDmEqs.(2),(5),and(7)： 

、/ＤＣ＝１＋Ｚβs,",[Ｍ(tta)3]org"'．

(5) 

(6) 

(7) 

(8) 

Tosupportthisequilibriumanalysis，ｔｈｅｅｘｔｒａｃｔｉｏｎｏｆＬｎｗｉｔｈＨｔｔａｗａｓｃａrriedoutinthepresenceof 
Co(tta)３whichisaninertcomplex・Figure2showstherelationshipbetweenlog(､の｡）ａｎｄ
log[ＣＯ(tta)3]orgorlog[Al(tta)3]ｏｒ9．Ｔｈｅ、の｡valuesofLa3＋increasewithincreaseintheCo(tta)3ａｎｄ
Al(tta)3concentrations、Theseplotsapproachstraightlineｓｗｉｔｈａｓｌｏｐｅｏｆｕｎｉｔｙ、Therefbre，the
fbnnationofthel:ladductbetweenLa(tta)3andCo(tta)3orＡｌ(tta)3intheolganicphasecanbeconsidered 
lnourprevlouspapers,ithasbeenreportedthatLn(tta)3fbnnedonlyl:ladductswithvarioustris-M(Ⅲ） 

chd雫:sllj鰍i殿!)鍋P淵繩臓i:ざ艀繩6hsmigmm霞wims1opeomMo
fbrmationofthel:ladductcanbeassumedbyconsideringthepreviousworkdescribedaboveTheAl 
valuesweredeterminedbyanonlinearleast-squaresmethodfbrtheplotsbasedoｎＥｑ.(8),andarelistedin 
TableLThelinesinFig2calculatedbyusingtheβs,Ivaluesobtainedareingoodagreementwiththe 
experimentalplotsfbrallcases・TheβsJvaluesinallM3+casesdecreasewithincreasingatomicnumber
ofLn、MoreoventheβsWaluesofeachLnareinfluencedbythecentralmetals(Ｍｎ+)oｆＭ(tta)3．
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Fig2EffectoftheconcentrationofＭ(tta)3extractedintotheolganicphaseontheextractionofLn3+ｗｉｔｈ 
3.0×10~１ＭⅢａａｔｐＨ＝2.3-3.5(I＝０１５)．Opensymbols,Ａｌ(tta)3;Closedsymbols,ＣＯ(tta)3．△▲， 
La；○●,Ｅｕ；□■,Ｌｕ． 

TablelAdductfbrmationconstantsofLn(tta)3(Ｍ(tta)3） 
inbenzeneat25oC 

Ｍ(tta)３ Ｌ、 logps,’ 

Ａｌ(tta)３ 

Sc(tta)３ 

Fe(tta)３ 

ＣＯ(tta)３ 

Ａl(tta)３ 

Sc(tta)３ 

Fe(tta)３ 

ＣＯ(ttaL 

Ｌａ 2.24±0.01 

1.49±０．０３ 

１．６０±０．０２ 

２．２１±0.01 

1.67士0.01

1.12±０．０１ 

１．１９士0.02

1.66±0.02 

Ｅｕ 

Numericalvaluesafter±showthestandarderror． 

３．２SpectroscopicstudiesofadductfOrmation 

ToproveadductfbrmationbetweenLn(tta)3ａｎｄＭ(tta)3intheorganicphase,spectroscopicstudies 
suchaselectronicandlRabsorptionwerecarriedoutbyusinginertCo(tta)３insteadoflabileM(tta)3． 

呈謡}l麓ii譜湯船瀦雪｡翔糾i(tl1l3WA1jl1Iiill:t,淵馴.[IfdlI;ii:111::,悪鍬浮
withamaximulnabsorbanceat611nmdidnotshiii．ＨoweveLthemolarabsorptivityofCo(tta)3slightly 
increasedwithincreaseintheconcentrationofLn(tta)3exceptfiorLu・Thesametrendhasbeenobserved
intheadductfbrmationbetweenLn(tta)３andtris(acetylacetonato)cobalt(Ⅲ）（ＣＯ(acac)3）［5]、The
enhancementofthemolarabsorptivityisprobablyascribedtothevibrationaldistortionbecausesomeof 

thecoordinatingoxygenatomsofCo(tta)3areparticipatedintheadductfbnnationwithLn(tta)3．Figure3 
showstherelationshipbetweentheapparentmolarabsorptivity(eapp)ｏｆＣｏ(tta)３andthemolarratioof 
Ln(tta)3tＯＣＣ(tta)3．The6sWalueswerecalculatedbyleastsquaresflttingfbrtheseplotsonthebasisof 
thefbHowingEq.(9),whichwasderivedwithrespecttotheapparentabsorbance(Aapp)ｏｆＣｏ(tta)3： 

Aapp＝Bad｡,CO[L､(tta)3(CO(tta)3Lg＋BCC[CO(tta)3]org， 

(AICLn＋AlCco＋1)2-4Al2CLnCco (AlCLn＋AICbo＋1)－ =(8addCo-eC｡） ＋8coCco、 (9) 
2Ａ」

－１０１－ 



whereeadd,coandecodenotethemolarabsorptivityofcomplexedCo(tta)3intheadductandfieeCo(tta)３ 
respectivelMndCCoandCLnarethetotalconcentrationsofCo(tta)3andLn(tta)3respectively・ThelogAl
valuesdeterminedare2.60±０．２１ａｎｄ2.05±0.25fbrLaandEurespectively・ThebrokenlinｅｓｉｎＦｉｇ,３

indicatethevaluescalculatedbyusingtheβsjvalues,andareingoodagreementwiththeexperimental 
plots・Theβs,lvaluesarereasonablyconsistentwiththoseinTHblelwithinexperimentalerrorfbrthe
spectrophotometricmethod、Asdescribedinthepreviouspapers[4,6,10Lthediflerenceinβs,lisdueto
thedifferenceinthewatercontentofthebenzenesolutioninbothmethods・Theadductfbrmationshould

competewiththehydrationofLn(tta)3aswellasCo(tta)3asshownbelow6 
Figure4showsthelRabsorptionspectrumof60x10~３ＭＥｕ(tta)3(H20)3inanhydrousbenzeneaswell 

asthoseinthepresenceofdifferentconcentrationsofCo(tta)3．ThepercentagesofcomplexedEu(tta)３ 
withCo(tta)3werecalculatedtobe509'6and６１％fbr(b)and(c)inFig.4respectivelyusingtheβsJvalues． 
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Fig3RelationshipbetweenthemolarabsorptivityofCo(tta)3at611nmandthemolarratioofLn(tta)3tO 
CC(tta)3．TotalconcentrationofCo(tta)3was2.0×１０~3Ｍ．TotalconcentrationofLn(tta)3rangedfmm 
50×10-4ｔｏ８．０×10~3Ｍ．△,Ｌａ；○,Ｅｕ；□,Ｌｕ． 
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４１Rspectrafbr6D×１０~３ＭＥｕ(tta)3(H20)3inthepresenceor 
Eu(tta)3(H20)3;(b)[CO(tta)3lotal／[Eu(tta)3(H20)3]total＝２．０;(c） 

absenceofCo(tta)3inbenzene．（a） 

[CO(tta)3]total／[Eu(tta)3(H20)3]total＝ 
Fig 
fi･ｅｅ 
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TVvonarrowbandsat3552and3649cm~ｌａｎｄａｂｒｏａｄｂａｎｄａｔ３３３５ｃｍ~lfbr(a)ｉｎFig.４correspondto 
thecoordinatedwatermoleculesofEu(tta)3(H20)3[6]・Theabsorbanceofthosethreebandsdecreases

withincreasingCo(tta)３Concentration,whiletwointensepeaksappearedat３６００ｃｍ~ｌａｎｄ３６８０ｃｍ~’ 
ＣＯrrespondingtofieewatenThesespectralchangesdemonstratedthatthecoordinatedwatermoleculesof 
Eu(tta)3(H20)3weredisplacedbyCo(tta)3andreleasedintoanhydrousbenzeneasfi･eewatemTherefbre， 

CO(tta)3directlycoordinatestothecentralEuionthroughthecoordinatingoxygenatomsofthettaligands・
SincetheadductfbrmationconstantofLn(tta)3(Al(tta)3）iscomparabletothatofLn(tta)3(CO(tta)3)， 

theseadductsareexpectedtohaveasimilarstructure・Thedifferenceintheβs,lvaluebetweenLaandEu
inallM(tta)3casesprobablyref]ectsthedifferenceinthestericrepulsionbetweenthoseLnchelatesand 
M(tta)３．Ｍ(tta)3isabletoentertheinnefcoordinationsphereofLa(tta)3moreeasilybecausetheionic 

radiusofLa3+islargerthanthatofEu3十．SimilardifferencesintheβsWalueshavebeenobservedinthe
adductfbnnationbetweenLn(tta)3andvarioustris-M(Ⅲ)chelates[4-10]、

ThelRspectrumofthecoordinatedwaterofLu(tta)3(H20)ndidnotchangeonadditionofCo(tta)3． 

Iｎａｐｒｅviouspaper,theadductofLu(tta)3ｗｉｔｈＣｏ(acac)3isfbrmedbyhydrogenbondingbetweenthe 
coordinatedwatermoleculesｏｆＬｕ(tta)3ａｎｄＣｏ(acac)3sincethelattercamotentertheinner-coordination 

sphereofLu3＋［6]・Inthepresentstudy;itwasdifficultfbrCo(tta)３tohydrogen-bondwiththe
coordinatedwateroftheLu(tta)3owingtothelowerbasicityofCo(tta)3becausethettaligandhasastrong 

electronwithdrawingtrifluoromethylgrouplnfact,thehydrogen-bondacceptingpowerofCo(tta)3ｗａｓ 

蹴鰯8跳馴:１１(i{|i:;lh;『鑑.鯛';H;I|::llh鯏焉受,I鯛?珊19,:理;嚇淫
Consequently§thecoextractionofLuwithM3＋wasnotobserved 

Moreover,theβsJvaluesfbrLn(tta)3areobviouslydifferentamongthefburM(tta)3(Ｍ３+:Al,Ｓｃ,Ｆｅ， 
andCo)．ThismaybeduetothedifferencemtheLewisbasicityofthoseM(tta)3．Wehavefbundthat 
thecomplexingabilityoftris(acetylacetonato)metalS(111)(Ｍ(acac)3)towardLn(tta)3dependsonbasicity 
andstericfactors[4]・Thehydrogen-bondacceptingpowerofM(acac)3toward3,5-dichlorophenol,orthe

basicityofM(acac)3increasesintheorderofSc＜Fe＜Ａｌ＜ＣＯ[l4LwhichagreeswellwiththatoftheAI 
valuesfbrM(tta)3,Ｓｃ＜Ｆｅ＜Ａｌ,ＣＯ,inthepresentstudy 

３．３Coextractionequilibrium 

Fromtheaboveequilibriumanalysisandspectroscopicstudies,themechanismofthecoextractionoｆ 
ＬｎｗｉｔｈＭ３＋intheHttasystemcanbeexpressedaｓｓｈｏｗｎｉｎＦｉｇ５・Itwaselucidatedthatcoextraction
occurredbyadductfbrmationintheorganicphase、Theoverallcoextractionequilibriumisgivenas
fbllows： 

Ｋｂｏｅｘ 

Ｌｎ３+＋Ｍ３+＋６Httaorg-Ln(tta)3(Ｍ(tta)3)｡Tg＋６Ｈ+， （10） 

Kboex＝K6xLnKex,Mβs,l＝K6x,sJKbx,M， (11） 

雌)鰯二重Ｗ･斜:蝋藤驍t認擶土孟｡[L噸ＷＩ夛證聴厩?[翻翠

L､(伽)〕十M(伽)]皇L､(伽)｡(M(伽比）Ｈｔｔａ 

卍０

Ｍ３+＋３tta--M(tta)３ 

Fig5CoextractionequilibriumofLn3＋ａｎｄＭ３＋intheHttasystem． 

－１０３－ 



respectively、Theseparationfactors（α)betweenLa3＋ａｎｄＬｕ３＋inthepresenceorabsenceofM3＋are
calculatedfTomtheextractionconstants、Theextractionconstant(K6x,s｣)ofLa3+inthepresenceofM3＋

腰ｉｉｌＬｆｌｌｌ膣'(iifkt二跳謡脇鯛辮究:,蝋(『;ＭＨも耀鰯粥辮鞠謬
respectively・Theseparationefficiencywassigniflcantlyinfluencedbythecoextraction、Coextractionin
thewell-knownHtta-benzenechelateextractionsystemhasbeendemonstratedfbrthefirsttime，andthe 
mechanismwaselucidatedinthiswork． 
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