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Synopsis

AnewmethodfordeterminingthedistributionofthediffusioncoefIicientandits

concentrationdependeｎｃｅｂｙａｎａ】ysis『ofthediffusioncurveoftheheterOgeneoussystemls
●

proposed・

Thismethodiscomputersimulationwhichisperformedbyassumingtheｎｕｍｂｅｒof

componentandtheweightfractionofeachcomponentandbyselectingthediffUsioncoefIicient
andtheconcentrationcoeflicientfrompseudorandomnumbers・

Fromtheresultsoftheapplicationtotheoretica11ysyntheticdiffusioncurves，itbecame
Obviousthatthismethodhashighaccuracy．

Introduction

Ｗｈｅｎthediffusioncoeflicientofunfractionatedpolymersampleinsolutionhasconcentration

dependence，itisdifIiculttodeterminethedistributionofthediffUsionCoefficient，fUrthermore，
themolecularweightdistributionfromdiffusioneXperiment・

Sincetheconcentrationdependencｅａｐｐｅａｒｓａｓｔｈｅｓｋｅｗｎｅｓｓｏｆｔｈｅｄｉｆｆusioncurvewhich

isrelationShipofconcentrationgradientanddiffusiondistance，wepreviouslyproposedan

analyticalmethodtoeliminatetheSkewnessａｎｄｔｏｏｂｔａｉｎｔｈｅｓｙｎⅢnetricaldiffusioncurve

whichshowsonlypolymolecu]arity.'）ApplyingthelOgarithmicana1ysis2）ａｎｄｔｈｅｓｉｍｕ】taneous

method3）forthissymmetrizeddiffusioncurve，thediffusioncoefIicientdistributioncanbe

ObtainedtheoreticaHy・Bythesemethods，however，thesampleisfractionatedonlyintothree
orfourfractions・

Inthispaper，anewanalyticalmethodtoobtainthｅｄｉffusioncoefIicientdistributionis

described，ｉｎwhich，thesampleisfractionatedintotenortwentyfractionsandthe

concentrationcoefIicientforeachdiffusioncoefficientshouldbeobtainedtheoretically．

Theoretical

SymmetrizationoftheDiffusionCurve

Indilutesolutionofhomogeneoussystem，there1ationShipbetweenthedilfusioncoefIicient

Dandtheconcentrationccanberepresentedasfollows：
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Ｄ－Ｄｏ（１＋COA3°Ｃ/CO)，

1０

(１）

whereDoisthediffusioncoeflicientatinfinitedilution，coistheinitialconcentrationofthe

solutionandbisthecharacteristicparameteroftheconcentrationdependence・

IftheaveragediffusioncoeflicientDmobtainedfromeq．（２）ｉｓused，ｅｑ．（１）canbe

transformedintoeq．（３），sinceDmmeansweightaverageva1ue，

（２）

(３）

Ｄｍ－加2／２t，

Ｄｍ－Ｄｏ（１＋0.5COA)．

Intheseequations，籾２isthesecondmomentofthediffusioｎｃｕｒｖｅａｎｄノisthediffusiontime・

Ｎｏｗ，inthesystemofheterOgeneityinmolecularweight，iftheconcentration，the

diffusioncoeflicientandthecharacteristicparameteroftheconcentrationdependenceofeach

componentaredesignatedaｓｃｆ，ＤｄａｎｄＡＦｚ，respectively，Ｄ狐isrepresentedbyfollowing

equation，

Ｄｍ－Ｚｃ`、‘（１＋0.5ｃｏｂｆ）／ｚｃ`． (４）

Ifthestandardizedconcentrationgradientandthestandardizeddiffusiondistanceare

representedbyYandXtheweightaveragediffusioncoeHicientatanydistancecanbegiven

asfollows：

、＝ＺＹｋＤ`/■Ｙｂ，ｃｏｈ`＝０．

Consideringtheconcentrationdependence，ｗｅｈａｖｅ

ＤＺＺＤＫ１＋COルポ．ｃ/CO）／ＺＹ‘
ＤｍＺｃ`ＤＫ１＋０．５coAF`）／Ｚｃ‘

(５）

(６）

Ｔｈｉｓｉｓｒｅｗｒｉｔｔｅｎａｓｆｏｌｌｏｗｓ：

二m/肌十三鵲響Ｄｍ

Ｄ
瓜 (c/CO)． (７）

Usingγｄｅｎｎｅｄａｓ

ＺｃｉｌＤｃ
、、＝γ・ＤＦＶ＝γ・ (８）

Ｚｃｉ

eq．（７）istransformedintothefollowingformuIa，

－－－.五m/皿十譜砦豐
，１

，ｍγ Ｚｃ`Ｄｉ/ｚｃ‘
(c/CO)， (９）

c/ｃｏ－ｒＭ(．
￣。｡

(10）

－１０－



ＩｓＨＩＤＡ・ＳＥＮＤＡ・ＮＡＫＡＭｕＲＡ・ＫＡＮＥＫｏ：DistributionofDiffiusionCoefficientandits１１
ConcentrationDependence

Thefirsttermoftheright-handineq．（９）ｉｓＤ/Dmwhichisindependentoftheconcentration

andthengivesadilfusioncurvesynmetryaboutc/c0-0.5．Consideringapairofconcentratiｏｎ

（c/CO)1and（c/CO)zwhichsatisfythecondition（c/CO),＋（c/CO)2-1andapairofdiffusion
coefIicient(D/D､),and(D/DmLwhichcorrespondtoeachConcentration,thefollowing
equationisgiven，

ＺＹｔＤｚｃｏｈｆ (D/D､ルー(D/D､)ｪ (11）、ｍ・ＺＹｋ
●

(c/COルー(c/CO)1

Substitutingthisequationintoeq．（９），ｔｈｅｖａｌｕｅｏｆｔｈｅｆｉｒｓｔｔｅｒｍｏｆｔｈｅｒｉｇht-handis
determinedcorrespondingtoeachconcentration・

Thistreatmentgivesthecurveof（、/Ｄ､）／γｖｓ．ｃ/coinwhichtheconentration
dependenceiseliminated・

Nowthefollowingequationcanbewritten，

I:(D/２Ｍ(．/‘｡)－１ (12）

Ｔｈｅｎγ１ｓｇｗｅｎａｓｆｏｌｌｏｗｓ：
●●

－Ｈ：(c/・・)｡(Dハル(`/`．)ﾕ(､ハル‘(c/‘｡)．（13）(c/COルー(c/CO)1

Ｆ…h…I…hい…・ﾛ蓋会儲・mMMhM伽｡､…whi…
nottheconcentrationdependencecanbeobtainedbyiterativemethodusingeqs．（14）ａｎｄ
（10)，

(Ｍ)expI-l:(Ｍ)x`x｝Ｙ＝
(14）

'二(DC/D)抑'－１:(Ｍ)jMY)肛

AsthediffusioncurvewithoutconcentrationdependencehastheadditiveprOperties，ｗｅ
getthefollowingequationsfromeq．（９），

`(器)一別Ｙ＝

(ｚｃｊＤＤ雑
急･‐三二=と)，(皿D`一弘)exp（ (15）

(2元)牝（Ｚｃ`)雑

z…ﾕｰ('+MWC…(-糸.旦豐L）一一

Ｄ｜山 (16）

zwl+ＭＭ…D乳叩(-舟. z芸=L）
－１１－
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ThediffusioncoefIicientatanydiffusiondistanceisgivenastheweightaverageandso

nextequationisObtained，

ＺＹ;ｉＤ`/己ＹＨ
(会ﾙｰ｡‐ (17）

ｚＱＤ`/Ｚｃ‘

TheweightaveragediffusioncoefIicientDw，ｉｓｅＸｐｒｅｓｓｅｄａｓ

Ｄｗ＝（Ｄ､)‘｡脆=｡＝ｚＱＤ`/Ｚｃ`・

TheconcentrationaveragecoefIicientDH:isrepresentedbythefollowingformula，

(18）

鶚)…-器菫昨（ (19）

andtheaveragediffusioncoefIicientobtainedfromareaofthediffusioncurveisshownas

follows：

昨（ )。
ＺＤＩ

(20）
ZcfDz-斗も

ＴｈｅｖａｌｕｅｓｏｆＤｗ，Ｄ聡ａｎｄ、』Ｃａｎbedeterminedbythefollowingrelationshipsfromthe

analysisofthesymnetrizeddiifUsioncurveandc/ｃｏｖｓ.Ｄ/Dmcurve．

Ｄｗ＝、､/γ，

､脆＝、W/(D/Ｄｍ)c'@｡=０．５，

(21）

(22）

ＤＡ＝Ｄｗ／２元（Y;…)2． (23）

Thecharacteristicparameteroftheconcentrationdependencelsrelaｔｅｄｔｏγｂｙｔｈｅｎｅｘｔ
●

equation，

ノセザー２（γ－１）／CO・

Inheterogeneoussystem，ルristheaveragedefinedbythefollowingequation’

んヅーヱc‘Ｄ`ん‘/二cd、‘．

(24）

(25）

DeterminationoftheDistributionoftheDifTusionCoeflicient

Severalmethodshavebeenproposedfordeterminingthedistributionofthedijrusion

coefHcientfromanalysisofthediffusioncurve，butinthesemethods，itmutsbeneedto

assumeafUnction・Onthecontrary，thelOgarithmicanalysisandthesimultaneousmethodneed

nosuchassumptionandcandirectlyestimatethedistributionfromthediffusioncurve・By

thesemethods，thesampleishypotheticallyfractionatedinonly3or4fractions，ｂｕｔｌＯｔｏ２０
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fractionsareobtamedbyournewtheoreticalmethoddescribedbelow・

Assummgthenlmberofcomponent〃（e,９．１０ｏｒ２０)，weightfractionofeachcomponent

c‘（e､ｇ､ｃユーｃ２－……..＝ｃﾕｏ＝0.1ｏｒｃユーｃ２＝………＝ｃ２ｏ＝0.05）ａｎｄＤ‘/Dwvbyusing

pseudorandomnumberS，thetheoreticallysyntheticdiffusioncurveswereObtainedbythe

followingequation，

仏zy2慰云ノハ・叩(一命蒜）
AnaverageerrorisdefinedasfolloＷＳ：

(26）

層－１/(Y-Y'ｍ+(Y-W…+(Y-P胸雀十……+(Y-W…（27）

ＴｈｅｇｒｏＵｐｏｆＤ`/Ｄｗｗｈｉｃｈｍａｋｅｓ５ｔｈｅｓｍａｌｌｅｓｔｉｓｔｈｅnearesttothetruecomposition

ofthesample・RepeatingthemodiHcation,ａｇｒｏｕｐｏｆＤ`/Ｄ”whosesyntheticdiffUsioncurve

isverysimilartotheeXperimentaloneisObtained

Similarlyassumlng〃,ｃ`，Ｄ`/Ｄｗａｎｄｃｏ々`frompseudorandomnumbers，ｔｈｅＣ/c０－，/Dm

curvescorrespondingtothosegroupsareObtainedbythefollowingequation，

Ｘ２

ＺｑＺｑ(D蝋ハ)雑(l+c伽．/゜｡)eXp(--
(金)'一囚q(D`ハ)(,+･…)皿川禰)-払卸

）２，`/、〃 (28）

(-,蒜D噸γ
ＡnaverageerrorisdefinedasfoUows：

ど'－１/[(島)-(民)']:…+[(金)-(民)']:_翠十…+[(犬)-(金)']:…
(29）

SimilarlyselectingcoﾙｶﾞfrompseudorandomnumberforeachD`/Ｄｗａｎｄｃｈｏｏｓｍｇｔｈｅ

ｇｒｏＵｐｏｆｃｏﾉｾｚｗｈｉｃｈｈａｓｔｈｅｓｍａｌｌｅｓｔｖａｌｕｅｏｆ§'，ｔｈｉｓｇｒｏＵｐｉｓｔｈｅｎｅａｒｅｓｔｔｏｔｈｅｔｒｕｅcohf

ofthesample、Repeatingthemodification，ａｇｒｏｕｐｏｆｃｏｂ`whosesyntheticc/ｃｏ－Ｄ/Ｄｍ
ｃｕｒｖｅｉｓｖｅｒｙｓｉｍｉｌａｒｔｏｔｈａｔｏｆｔｈｅｓａｍｐｌｅｉｓｏbtamed・

Ｉｎｓｕｃｈｗａｙ，thesampleisfractionatedtheoreticallyin〃fractions，eachofwhichhas

arbitraryweightfractioncfandconcentrationcoefIicientcob`．

TheoreticalExample

Theaccuracyofthenewanalyticalmethodischeckedbythreetheoreticalexamples・

ComputerFACOM230-25/３５inKANAZAWAUniversityisusedforcalculation・

ＥａｃｈｅｘａｍｐｌｅｉｓｃｏｍｐｏｓｅｄｏｆｌＯｆｒａｃｔｉｏｎｓａｓｓｈｏｗｎｉｎＴａｂｌｅｓｌ，２ａｎｄ３．Thedistribution

functionofexamplelisresembledtoGral6n，s・Integraldistributionofexample2islinear．

－１３－
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ExampIe3hasthedistributionassameasthatofPVAc-acetonesystem．

TablelComponentsoftheoreticaleｘａｍｐｌｅｌ

Ｄｚ

Ｃｆ

ｃｏｈｉ

０．０６

０．１

４．０７

0.10

0.1

２．５５

０．１３

０１

１．９１

０．１６

０．１

１．３６

0．２０

０．１

１．０２

0．２５

０．１

０．８３

0.31

0.1

0.61

0．４２

０．１

０．３９

０．６０

０．１

０．２０

1.0

0.1

0.07

Table2Componentsoftheoreticaleｘａｍｐｌｅ２

Ｄｉ

Ｃｔ

ｃｏＡＦｄ

1

0.1

１０

２

０．１

９

３

０．１

８

４

０．１

７

５

０．１

６

６

０．１

５

７

０．１

４

８

０．１

３

９

０．１

２

ｌＯ

ｑｌ

ｌ

Table3Componentsoftheoreticaleｘａｍｐｌｅ３

Ｄｚ

Ｃｆ

ｃｏｈｉ

１．７３

０．１

４．０７

２．１３

０．１

２．５５

２．４４

０１

１．９１

2．８４

０．１

１．３６

３．２７

０．１

１．０２

３．７２

０．１

０．８３

４．４４

０１

０．６１

５．８５

０．１

０．３９

８．９６

０１

０．２０

1３．９７

０．１

０．０７

Figs、１，２and3showthesyntheticdiffusioncurvesobtainedfromabovetablesandthe

symmetrizedone．
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c/ｃｏａｎｄＤ/ＤｍｏｆｔｈｅｓｅｄｉffusioncurvesareshowninFi9．４，５Therelationshipbetween

and6，respectively．
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／／
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Fig.５ｃ/ｃｏｖｓ．Ｄ/ＤｍＣｕｒｖｅｆｏｒｅｘａｍｐｌｅ２

－１６－



ＩｓＨＩＤＡ・ＳＥＮＤＡ・ＮＡＫＡＭｕＲＡ・ＫＡＮＥＫｏ：DistributionofDiffiusionCoefficientandits 1７

ConcentrationDependence

1.5

1.0

ミ
ロ
ヘ
ロ

0.5

0

００．５ＬＯ

Ｃ/、

Fig.６ｃ/ｃｏｖｓ.Ｄ/ＤｍＣｕｒｖｅｆｏｒｅｘａｍｐｌｅ３

1.0 1.0

５０

宮
。
》
旨
二
目
、
国
【
飼
団
。
］
ｐ
Ｈ

５０

口
◎
垣
ロ
ー
官
芭
ロ
『
飼
団
①
］
日

０ 0

00.5１．０

DiffusionCoefficient

Fi９．７Distributionofdiffusioncoefficｉｅｎｔｏｆ
ｅｘａｍｐｌｅｌ
（circle：analyzedbythenewmethod，
solidline：theoretical）

０５１０

DiffUsionCOefficient

Fi９．８Distributionofdiffusioncofficiｅｎｔｏｆ
ｅｘａｍｐｌｅ２
（circle：analyzedbythenewmethod，
solidｌｉｎｅ：theoretical）
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1.0

。〃。ロ
○
垣
ゴ
ロ
眉
］
の
『
ロ
［
飼
肖
図
＆
ｐ
Ｈ

ＣＤ

0.5

０

５１０

DiffUsionCoefficient

1５0

Ｆｉｇ．９Distributionofdiffusioncoefficｉｅｎｔｏｆｅｘａｍｐｌｅ３

(circle：analyzedbythenewmethod,solidｌｉｎｅ：theoretical）

ItisobviousfromFigs、７，８and9thatthedistributionsofthediIfusioncoefIicient

caIculatｅｄｂｙｏｕｒｎｅｗｍｅｔｈｏｄａｒｅｇｏｏｄａｇｒｅｅｍｅntwiththegivendistributions・

TheconcentrationcoefIicientversusthediffusioncoefIicientareplottedmFi９．１０，１１

and1２．

４

壁
（
ざ ●
●

２

:：鴎亀、
0．

0 ０．５

DiffusionCoefficient

1.0

Ｆｉｇ．１０Aplotofconcentrationcoefficienｔｖｓ・diffusion

coefficientforexampleｌ

（circle：analyzedbythenewmethod,solidline

：theoretical）

－１８－



ｌｓＨＩＤＡ・ＳＥＮＤＡ・ＮＡＫＡＭｕＲＡ・ＫＡＮＥＫｏ：DistributionofDiffiusionCoefficientandits
ConcentrationDependence

1９
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曇ＣＱ ５

0

0５１０

DiffUsionCoefficient

FigllAplotofconcentrationcoefficientvs・Diffusion
coefficientfOrexample２

（circle：analyzedbythenewmethod，solid
ｌｉｎｅ：theoretical）

４

稗

二。。

２

gｏ

gＱｏ
０

0５１０l5

DiffUsionCoefficient

Fi９．１２Aplotofconcentrationcoefficienｔｖｓ･diffusioncoefficient
forexample３

（circle：analyzedbythenewmethod,solidline：theoretical）

Fromtheseresults，ｉｔｉｓｓｈｏｗｎｔｈａｔｔｈｅｎｅｗｍｅｔｈｏｄｈａｓｔｈehighaccuracy．
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