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Abstract

Excessenthalpieshavebeenmeasuredat25｡Cand35｡CfOrtheethanol-chlorofbrm,1-propanol-

chlorofbrm,2-propanol-chlorofbrm,andl-butanol-cmorofbrmsolutionsbyuseofaVanNesstype

dilutioncalorimeter.Anewequation,basedonacontinuousassociationmodelofalcohol(Mecke-

Kemptermodel),isproposedtoexpresstheexperimentaldatafbrthesesolutionswithgoodaccuraCy.

Introduction

Theworkdescribedintllispaperfbrmspartofaprogrammeofinvestigatingpro-

pertiesofassociatedsolutions.Wehavemeasuredexcessenthalpiesofsolutionsof

cmorofbrmwithethanol,1-propanol,2-propanol,andl-butanolat25and35｡C.Those

fbrmethanolandcmorofbrmat35･ChavebeenreportedbyMoELwYN-HuGHEsand

MIssEN[1]andtllosefbrethanol-dllorofbrmsolutionsat30and50｡CbySHATAsetal.[2].

Thereareseveralattemptstofbrmulatethermodynamicfimctionsofsolutionsof

alcoholsandinertsolventsundertheassumptionthatthealcoholsfbrmlinearhydrogen-

bondingpolymersbysuccessivechemicalreactions.Oneofthemisanassociationmodel

oftheMecke-KemptertypesuggestedbyWIEHEandBAGLEY[3].WIEHEetal.[4]

haveextendedtllemodeltoinvoIveinteractingsolvents,exclUdingsolventsthatare

bothelectrondonatingandelectronwithdrawingsuchascmorofbrm.Theyneglected

physicaleifbctsintllemodelandtooktheratioofmolarvolumesofalcoholandsolvent

asanadjustableparameter.nleirtheorycouldnotrepresentcorrectlytheexcessenthalpy

ofmixingcurve・InthisworkanewaSsociationmodelthatinvolvesdlemical,physical,

andsizee鮭唯ispresentedfbrcalculatingtheexcessenthalpiesofalcoh"tivesol-
ventliquidmixtures.

ModelofNonathermalMixmres

UsingthelocalvolumefiactionssuggestedbyWILsoN[5]andthecombinatorial

factorofFlory-Huggins,NAGATA[6]presentedasimplihedUNIQUACequationfbr
tllemolarexcessGibbsfreeenergyaccordingtothemethodofABRAMsandPRAusNITz

'ProfDr・IsAMuNAGATA,YuJIKAwAMuRA,HIsAsHIAsANo,KuNIoFuJIwARAandYAsuYuKIOGA-
SAwARA,DepartmentofChemicalEngineering,KanazawaUniversity,Kanazawa,920(Japan).
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[7]whohavederivedtheirmodel,calledUNIQUAC(universalquasi-chemicaD.

gE=gE(combinatorial)+gE(residual=physical)

＝RTIx,ln(｡,/x,)＋x21n(●2/x2)]＋Rr畦x1In(ゅ，＋の2T2,）

-x21n(m2+.,T,2)] (1)
where

T:2,=eXP[-("2,－〃,,)/RT], てﾕ2=exp[-(",2－〃22)/RT](2)

InthenonathermalFlory-Hugginsequation,thephysicalcontributiontermtothe

excessGibbsfifeeenergyiSgivenbytheScatchard-Hildebrandequation.Ontlleother

hand,thephysiCaltermofeq.(1)isexpressedbyatwo-parameterequation.

Thetotalenthalpyoffbrmationofthechemicalcomplexesfromalcohol(J4)and
solvent(B)monomerunitSis

” ぬ

/ic="4Z(i-1)(>'4i+"4'")+ﾉ"Z"" （3）
i＝1 i＝1

where"4istheenthalpyoffbrmationofanalcoholhydrogenbond,""theenthalpy

offbrmationofanalcohol-solventbond,and吻iBisthemolenumberofachemical
complexziiB.

Thedenmtionoftheexcessentllalpygives

"E=hg+":=[h｡－鞠〃!]chemica,+IO(gf/r)/6('/T)]phySica! （4）

where":isthevalueof"cfbrpurealcoholandx'4(=x,)istheanalyticalmolefraction
ofalcohol.

Theindependentchemicalequilibriaandequilibriumconstantsare,respectively,
definedby

4j+41=4#+1, K4=.4!+,/(":.4,), (5aandb)

4j+B=4jB, K4B="!B/(.j4i｡OB) (6aandb)

Thus,thennalexpressionfbrtheexcessenthalpyis

ん屋＝上g¥-{.,'n('+K4)+'n('-""x)-K"｡."/}+些巡翌の｡画／
K4., K4.,

淵［(ゅ‘鵲型)猯+仲｡鵲"）（7）-R

where蝿2,thevolumefifactionofalcoholmonomer,and.0B,thatofsolventmonomer,
areobtainedfromthefbllowingrelationsmwhich"isthetruemolarvolumeofthesolution
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EXperimentaiSeC伽皿

Chemicallypurematerialswerepurinedfbrexperimentalwork.Thealcoholswere

distilledoverdryingmaterials:ethanol(calciumoxide),propanols(anhydrouscopper

sulfate),1-butanol(calciumoxide).Cmorofbrmwasdistilledinapackedcolumn.

Tablel.ExcessenthalpiesfOrbinarysystems,Jmol-ユ

Ethanol(1)-chlorofbrm(2)
25｡C･35･C

X1 ルE X1

1-Propanol(1)-cmorofbrm(2)
25･C35･C

X1 ルE X1〃E 〃E

239．6

494．4

664.0

667.4

631．5

526．4

404．2

295.2

233．5

193．1

126.4

9．8

－113．8

－256．6

－311.3

－291．9

－197．9

－88．0

0.0261

0.0674

0.1431

0.1810

0.2399

0.2％3

0.3631

0.4333

0.5332

0,5694

0.6113

0.6547

0.7132

0.7649

0．8299

0,8816

0.9444

0.9829

0.0105

0.0234

0.0410

0.0626

0.0786

0.0930

0.1233

0.1425

0.1683

0.1％3

0.2442

0.2897

0.3530

0.3946

0.4146

0.4406

0.4902

0．5307

0.5960

0.6541

0.70”

0.7362

0.7707

0.8101

0.8614

0‘9198

0.9485

0.9802

0.9919
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0．0172

0．0381

0.0538

0．0822

0.1154

0.1270

0.1396

0．1538

0.1747

0.1826

0.1976

0.2137

0．2328

0.2533

0．2774

0．3057

0．3281

0.3543

0.3846

0.4227

0.4626

0.5032

0.5519

0.5951

0.6144

0.6473

0.6690

0.6924

0.7209

0.7507

0.7676

0．7984

0.8300

0.8660

0.8971

0.9220

0.9423

0.9632

0.9822

155.1

304．7

389.8

494．8

559.2

573．2

584.3

592．1

595.2

595．4

590．1

580.3

564．6

542．7

511.6

469.0

431．0

382．4

320局

138.0

46．8

49．5

－67．1

－167．5

－210．9

－280．5

－322．5

－363．5

－405．5

－438．7

－449．6

－461.0

-453‘9

－419．8

－364．1

－301．5

－239．1

－162．8

－83．0

227．5

445．0

589.5

601．5

573.8

.510.8

403.0

263．1

36．2

－47．8

－141．8

－232．6

－334．5

－394．3

－411．5

－364．3

－214．6

－76．9

0．0291

0.0777

0．1612

0．別93

0.2931

0.3686

0.4341

0.4853

0.5097

0.5302

0.5562

0.6065

0.6637

0.7448

0.7980

0.8897

0.9414

0．9774
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Tablel(Contmued)

2-Propanol(1)-cmorofbrm(2)

25･C35｡C

X1"~X1Exlxl

0.0304

0.0853

0.1285

0.1736

0.2082

0.2320

0.2604

0.2953

0．3291

0．3852

0．4644

0．5171

0．5472

0．6375

0．7222

0.7682

0．8121

0．8577

0.8843

0.9100

0.9479

0．9844

258．8

550.9

675．6

746．3

772．0

778．9

777.2

763．7

739．7

678.3

556.4

456.1

392.5

201．6

22．5

－63．6

－129．3

－172．6

－177．1

－171．4

－130．8

－49．4

0.0299

0.0532

0.0757

0．1043

0.1474

0,1884

0.1908

0.2227

0.2495

0.2832

0.3258

0．型01

0．4875

0．5762

0.6833

0.7826

0.8322

0．8806

0.8980

0.9379

0.9777
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ﾙE

251.9

418．5

541．4

658．1

780.6

851．0

851.3

881．5

893.6

895.9

879.6

7％･9

674．5

696．5

252.3

38．0

－46．9

－100．4

－104．6

－95．6

－48．6

1-Butanol(1)-chlorofOrm(2)
25｡C35｡C

X1 ルE xl

0.0178

0.0725

0.1421

0.2101

0.2736

0.3293

0.3850

0.4299

0．4680

0.5300

0.5938

0.6631

0．7082

0.7809

0.8282

0.9149

0．9629

161．6

467．6

606.5

620．4

580．2

507．9

414．5

327．2

247.4

101．8

－38．1

－176．8

－251.7

－333．3

－347．0

－260．6

－135．6

0.0228

0.0545

0.1148

0.2035

0.2958

0.3503

0.3945

0.4375

0．4692

0.5080

0.5656

0.6289

0．7053

0.7696

0．8301

0.9040

0．9648

hE

209.3

420．6

639．4

732.4

684．8

615．6

542．6

461．9

398．2

315.0

186．3

45．5

－106．8

－202．6

－248．8

－220．1

－107．4

RefiactiveindicesofthepuriaedmaterialsweremeasuredbyaShimadzuPulfifich

refifactometerat25｡C;cmorofbrm,1･4427;ethanol,1.3594;1-propanol,1.3835;

2-propanol,1･3750;l-butanol,1.3971．Theisothermalsemicontinuousdilutioncalori-

meter[8],whidlwasoriginallydesignedbyVANNESs,wasUsedtoobtaintheexcess

enthalpiesfbrcmorofbrm-alcoholsolutionsat25and35｡C.Tablelpresentsexperimen-

taldatafbrfburbinarysystems.Figurelillustratesthedatagraphically・Ourdatafbr
theethanol-chlorofbrmsystemseemtobeconsistentWiththedataofSHATAsetal.[2]
at30and50｡C.

DataReduction

Consideringthetotalityofthedata,wehaveselectedfbrﾙathevalueof-6kcalmol-'
andfbr"44Bthevalueof-5．9kcalmol-'.At50｡C,K4is450fbrmethanol,190fbretha-

nol,110fbrl-propanol,85fbr2-propanol,and95fbrl-butanol.Thevan'tHofrequation

hxesthetemperaturedependenceofthechemicalequilibriumconstant

OlnK701n(1/T)=一方/R (11)

KABat50｡Cis350fbrthemethanol-chlorofbrmsystem,150fbrtheethanol-chlorofbrm,

85fbrthel-propanol-chlorofbrm,70fbrthe2-propanol-chlorofbrm,and75fbrthe
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Fig.1.ComparisonofcalculatedandeXperimentalexcessenthalpiesfbrfOuralcohol-
cmorofOrmsystems:calculated(一一一);eXperiment:thiswork,(｡25｡C,(O)35.C;

(A)ethanol(1)-chlorofbrm(2),Shatasetal.[2],トー－－)30｡C,(…….…,)50･C,smoothed
datawereobtamedbyanempiricalequationgiveninref.[2];(B)1-propanol(1)-chloro-
fbrm(2);(q2-propanol(1)-chlorofbrm(2);(D)1-butanol(1)-chlorofOrm(2)
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1-butanol-chlorofbrm・Weassumedthatthephysicalinteractionparametersvary

linearlywithtemperature

吻一〃''=C'+D'(T-273｡15)(12)

Thesimplexmethod[91wasusedtoobtaintheConstantsC'andDifbreaChsystem.

Datareductionfbrnvebinaryalcohol-chlorofbrmsystemsislistedinTable2｡

Itisnoteasyfbrthepreviousassociatedsolutiontheoriestorepresentwelltheexcess

enthalpycurvesfbrsolutionsincludmgalcoholsandactivesolvents.Theexcessenthalpy

dataofthealcohol-chlorofbrmsystemshavingendo-andexothermicregionsprovide

aparticularlyseveretestfbrtheassociatedsolutiontheories.Figurelcomparesthe

calculatedvalueswiththeexperimentalresults,showingthatthepresentapproachsolves

thisproblemwithgoodaccuracy.Detailedcalculatedresultsofthermodynamicproperties

fbrmanyalcohol-activesolventsystemsbyuseofthepresenttheoryareavailable

inaseparatepublication[101.
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