
An Empirical Method for Estimating Normal
Boiling Point and other Physical Properties of
Alkene Hydrocarbons

著者 Tamura Mikio, Kurata Michio, Nakanishi
Koichiro, Nagata Isamu

著者別表示 長田 勇
journal or
publication title

Bulletin of the Chemical Society of Japan

volume 34
number 5
page range 684-688
year 1961
URL http://doi.org/10.24517/00049723

doi: 10.1246/bcsj.34.684

Creative Commons : 表示
http://creativecommons.org/licenses/by/3.0/deed.ja



{"鰯憲鰯蛍搬謡巽制c.']
』〃E脚p耐cαノMEr肋α九ﾉ･蹄r伽αが"gⅣ”剛αﾉBoj""gPり加α”α〃〃

P〃〕ﾉsic"/B･Op〃"創呼4敗〃eH)ﾉ〃OC〃加剛

ByMikioTAMuRA,MichioKuRATA,KoichiroNAKANIsHI*'
andIsamuNAGATA*2

(ReceivedOctober20,1960)

Thestructuralvariationinthephysical
propertiesofalkenehydrocarbonsisdetermined
bythenumberandrelativepositionofdouble
bondsandsidechainsinthemolecule・Owing
tothepresenceandmutualinHuenceoftwo
diHErentkindsOfchemicalbondsandside

chains5correlationbetweenpropertiesand
molecularstructureisfarmorecomplicated
thanthatinthecaseofisoparaifins,forwhich
anelaboratesetofstructuralparameterscan
besuccessfullyusedl,2). Althoughaf℃w
attemptsweremadetocorrelatetheboiling
point3,4)orcriticalconstantf,6)withthe
molecularstructureofalkenes,noextensive

methodhasbeenestablishedatthepresent
stage.

Inthispaper,anempiricalrelationbetween
thephysicalpropertiesoflinearandbranched

alkenesandtheirmolecularstructureisproposed.
The66effectivecarbonnumber''methOdwhich

hasbeenusedfOrisoparaffinsintheprevious
report2>isagainadopted.Aswillbeshown
later,acharacteristicconstantcalled''effective

carbonnumber''canbedennedfOrallthe

alkenehydrocarbons. Thus,thiseffective

carbonnumberisfirstcalculatedbythe
proposedequationandthen,bytheuseofa
previouslypresentednomogram2),thenormal

boilingpointandotherphysicalpropertiesof

thealkenescanbeestimatedfromtheknow-

ledgeofthestructuralfbrmulaalone.

EHectiveCarbOnNumber

WhentheboilingpointsofnormalparafEns.
areplottedagainstthenumberofcarbon

atoms,afamilyofcurvesfbrdifferentpressures
isobtained・Then,readingtheboilingpoints
ofagivenalkeneonthesecurves,onecan
obtainasetofvaluesofan66effbctivenumber''

ofcarbonatoms,eachcorresPondingtoevery
differentpressure.Thesesetsofvaluesfbr
severalalkenesobtainedbythisprocedureare
listedinTableItogetherwiththeusedvalues

oftheboilingpoint7,8),whereareasonable
constancyofthevaluesisobservedovera

considerablywiderangeofpressure・This
effectivenumberofcarbonatomsdepending
onthestructuralfbatureofeachcompound
butnotontheexternalconditioniScalledthe

GGeffectivecarbonnumber''andhereafter

denotedby"*.Itisshownthattheproper
assignmentofthe"*valueisadvantageousnot
onlyfOrtheestimationoftheboilingpoint
ofthealkenesatvariousexternalpressures
butalsoforthatofotherphysicalproperties
suchasthecriticalconstants,asinthecaseof
isoparaffinM).

TABLE1．CoNsTANcYoFEFFEcTIvEcARBoNNuMBERoFALKENEsATvARIousExTERNALPREssuREs

CompoundPressure,mmHglO2060200400760
1-Butenen7)(oC)-81，_Butene－81．5-72．8g-57．15-36.10-21.62-6．26

〃＊ 3．883．873．863．863．863．85

TK)7)(｡C)2-Methylpropenemj7)(oC)-81．95-73.37-57．664－36．666-22.227-6．900
〃＊． 3．873．853．843.853．843．84

1,3-ButadieneZM,8)(｡C)-791，3_Butadiene－79．7-71．0-55．1-33.9-19．3－4．5
〃＊ 3．923．933．933．903．893．86

*1Presentaddress:･DepartmentoflndustrialChem-
istry,FacultyofEngineering,ShinshuUniversity,Nagano.
*2Presentaddress:DepartmentofChemicalEngine-
ering,KyotoUniverSity,Kyoto.
l）H・Wiener,JWd"．C"e”・SOC.,69,17(1947).
2)K.Nakanishi,M.KurataandM・Tamura，、八C流e"2．
&ag.D"q,5,No.2,210(1960).
3）W、J・Taylor,J．M･PignoccoandF．D.Rossini,.Z
R2seα『chⅣ画".B”・Srα""PW,34,413(1945).
4）C、W.BeckandL.Y.Beck,肋a.Eig.C弥e”.，51，223

(1959)．

5）G、V・MichaelandG.Thodos,C"e"．E"9．Pr"I．．
Sympos勉廊馳riesNo.7,49,131(1953).
6)G･Thodos,4･瓜C〃.E・Jo”"αﾉ,1,165(1955).
7）F、D・Rossini,K・S・Pitzer,R、L･ArnettandG．C・
Pimentel,6｡SelectedValuesofPhysicalandThermody-
namicPropertiesofHydroCarbonsandRelatedCom-

pOunds'',AmericanPetroleumInstituteResearchProject
44,CarnegiePress,Pittsburgh,Pa．(1953)．
8)D.R･Stull,"ZZ.E昭.Che”.,39,517(1947).
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StructuralUnits

Themolecularstructureofalkenescanbe

Specinedbythenumberandtherelativeposition
ofdoublebondsandthoseofbranchingunits.

Therefbre,ifthemutualinnuenceamongthese

unitsisproperlyestimated,thedeviationofthe
effectivecarbonnumberfromtherealonemay
beexpressedasalinearcombinationofseveral
factors,eachcorrespondingtoadoublebond
orabranchingunit・Althoughvariouskinds
ofmethodsfbrsuchfactorizationwouldbe

possible,onlythelinearfactorizationisused
herebecauseofitssimplicityfbrpractical
purposes.

ThefOllowingfourgroupsofcarbonatoms
areadoptedasthestructuralunitsofalkenes･:i.
e.(I)doublebondexistinginthelinear

portionofthemolecule,(II)doublebond
attachedtobranchingatoms,(III)trifilnctional
branchingand(IV)tetrafUnctionalbranching.
Schematically,theseare

(I)-C=C-,(II)-C=C-C-or-C-C=C-C-,

C CC

C

(III)-C-C-C-and(IV)-C-C-C-

C C

Foreachofthefburstructuralunits,the
fbllowingequationisobtainedaftersome

troublesomeanalysisofavailableboilingpoint
data:

4"I=0.24-0.126,+0.0562 (1)

4"II=0.24-0.086,+0.0762 （2）

4",,I=0.28-0.06C2+0.06C3 （3）

4"Iv=0.73-0.14C2+0.05c3 （4）

ThediHerenceoftheeffbctivecarbonnumber

"*fifomtherealcarbonnumber"isthen

.givenbythesumofthesecontributions,

4"＝"－"*=2,4",+2II4"I,+2III4"III

+2Iv4"Iv （5）

wherethesummationextendsoverallstructural

unitsofeachtype.Thefburparameters,6,,
,62,c2andc3,inEqs、lto4aredefinedas
fbllows:

6,-thenumberofcarbon-carbonbonds

adjacenttothedoublebond.
62-thenumberofcarbon-carbonbonds

(singleanddouble)nextbutonetothe
doublebond.

c2-thenumberoftheseCondneighbor
carbonatomsofthebranchingpoint
(tertiaryorquaternaryCarbonatom).

c3-thenumberofthethirdneighborcarbon

atomsofthebranchingpOint(tertiary
orquaternarycarbonatom).

Asiseasilyseen,theintrinsiccontributionof

thestructuralunitl,IIIandlVisrepresented
bythenrsttermofEqs.1,3and4,respectively,
whiletwoothertermswhichrepresentthe
contributionofadjacentcarbonatomstoeach
structuralunitareintroducedtotakethe

mutualcorrelationofthestructuralunitsinto

account･ThechoiceoftypelIasanindepen-
dentstructuralunitisalsoduetothefact

thatthecorrelationofthedoublebondwith

thebranchingissostrongthatitcannotbe

treatedseparately.
Itisobviousfromthedefnitionthatthe

effectivecarbonnumberofisoparaffinsisgiven
by

〃*＝"-2111(0.28-0.06c2+0.06c3)

-2Iv(0.73-0.14c2+0.05c3)(6)

Theaccuracyofthisequationisofthesame

degreeasthatofEq､41inthepreviouspaper2),
whichisexpressedintermsof･theWiener

parameters').

ExampleofCalculation

Thepresentmethodconsistsofthefbllowing
twoprocedures:
(1)Effbctivecarbonnumber"*iscalculated

byEq・5.Onlythestructuralfbrmulaof

alkeneinquestionisrequired.

(2)Thevaporpressure-temperaturerelation-
ship,thecriticalconstantsandtheheatof

vaporizationatnormalboilingpointcanbe
readonnomogram2)byusingthevalueof
"*justobtained.
Forclearunderstandingofthemethod,

calculationofthenormalboilingpointof3,5,
5-trimethyl-1-hexeneispresentedasanexample.

3,5,5-Trimethyl-1-hexene

C7 C8

C1=C2-C3-C4-C5_C6

C9

Thiscompoundcontainstheafbrementioned

structuralunitsofl,IIIandIVtypes. The

unitoftypeIisattachedtoonecarbon-carbon

bondtobecountedas6,,sayC2-C3,andto

twobondstobecountedas62,sayC3-C4and
C3-C7;hence

4",=0.24-0.12×1+0．05×2=0．22

Thestructuralunitoftypelllortertiary
carbonatomC3hastwosecondneighbors,say
C'andC5,andthreethirdneighbors,sayC6,
C8andC9,hence

4",,,=0.28-0.06×2+O.06×3=0．34

QuaternarycarbonatomC5hasonesecond
neighbor,C3,andtwothirdneighbors,C2and
C7,andso

4",v=0.73-0.14×1+0．05×2=0.69
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TABLEII.

Compound

NoRMALmALBOILINGPOINTOF

Normalboilingpoint
Tob,｡C

MONOALKENES

EHもctivecarbon

number,"*
Calcd,

1．76

2．88

3．83

4．00

3．92

4．83

4．95

5．00

4．85

4．56

5．83

5．95

5．90

5．85

5．62

5．55

5．93

5．93

5．62

5．78

5．46

5．14

6．08

6．83

6．95

6．90

6．26

7．83

7．08

8．83

8．32

9．83

9．27

Ethylene

Propylene
1-Butene

2-Butene

2-Methylpropene
1-Pentene

2-Pentene

2-Methyl-2-butene

2-Methyl-1-butene

3-Methyl-1-butene

1-Hexene

2-Hexene

3-Hexene("zz"s)

2-Methyl-1-pentene

3-Methyl-1-pentene

4-Methyl-1-pentene

2-Methyl-2-pentene

3-Methyl-2-pentene

4-Methyl-2-pentene

2-Ethyl-1-butene

2,3-Dimethyl-1-butene

3,3-Dimethyl-1-butene

2,3-Dimethyl-2-butene

1-Heptene

2-Heptene

3-Heptene

2,3,3-Trimethyl-1-butene

1-Octene

2-Isopropyl-3-methyl-1-butene
1-Nonene

2,3,3,4-Tetramethyl-1-pentene
1-Decene

Obs､9〕

－103．7

－47．7

－6．3

1．

－6．9

29．9

36．1

38．6

31．2

20．1

63．5

68．2

67．1

62．2

54．2

53．9

65．0

68．0

57．0

64．7

55．6

41．2

73．

93．6

98．5

95．6

77．9

121．3

113．6

146．9

133．2

170．6

158．8

Calcd.

－104．0

－47．0

－6．0

2．0

－2．0

30．0

34．0

36．0

31．0

20．0

63．0

67．0

65．0

63．0

56．0

54．0

66．0

66．0

56．0

62．0

51．0

41．0

71．0

93．0

97．0

95．0

77．0

120.0

100．0

147．0

133.0

170.0

157．0

Obs.

1．76

2．86

3．85

4．04

3．84

4．83

5．00

5．07

4．86

4.弱

5．83

5．98

5．93

5．80

5．54

5．53

5．88

5．97

5．60

5．76

5．58

5．14

6．1

6．83

7．00

6．90

6．30

7．83

7．55

8．84

8．30

9．84

9．332,3,3,4,4-Pentamethyl-1-pentene

"*obs=Effectivecarbonnumber

"*calcd=CalculatedvaluebyEq

numberatnormalboilingpoint

ebvEq、5

(cf.Tablel)

Thus,thesummingupoftheabovethree
_』"j'sgives,

4〃＝0．22＋0．34＋0．69＝1．25

or"*=9-1．25=7.75

'Then,usingthenomogram2),118｡Cisobtained
fbrthenormalboilingpointwhichistobe
､comparedwiththeobservedvaluell9.4｡C9).

ComparisonwithExperimentalData

Atestofthepresentmethodbythe
proceduredescribedinthelastsectionwas
carriedoutfbrl88monoalkenesand46dial-

.kenes.

Theaveragedeviationofthecalculated

9)G・EgloH,c@PhysicalConstantsofHydrocarbons''
Vol．V,ReinholdPublishingCorporation,NewYork,
<1953)．

valuesofnormalboilingpointofthemonoal-
kenesfromtheliteraturevalues9,'0>wasas

smallas2,5｡C,withthemaximumdeviation
-17｡Cfbr2-re"-butyl-3,3-dimethyl-1-butene.

Onlytenpercentofthetestedcompounds
showedanerrorhigherthan5｡C.TablelI
showsabout30examplesofthistest.
Inthecaseofdialkeneswithno"conjugat-

eddoublebond'',theaveragedeviationof
thenormalboilingpointwasfbundtobe
about2.4｡C,themaximumdeviationwas
-11｡Cfbrl,4-heptadiene,andthedeviation
waslessthanS｡Cfbr87percentofthetested
compounds.TableIIIshowstheresultsfbr
typicalexamples.
Inthepresenceoftheconjugateddouble

ー一－－－＝一一口

10)S、W・Ferris,66HandbookofHydrocarbon3',
demicPreSsInC.,NewYork(1955).

Aca－
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TABLEIII.NoRMALBoILINGPoINToFDIALKENEs

Normalboilingpoint EHbctivecarbon

CompoundTob,｡Cnumber,"*
ObS・'0)Calcd.Obs．Calcd.

1,4-Hexadiene 65．61．05．885．78

1,5-Hexadiene59.558.051，5－Hexadiene5．705．66

2-Methyl-1,4-pentadiene 56．59．05．605.70

3-Methyl-1,4-pentadiene 55．49．05．575．40

1,4-Heptadiene lOO､890．07．106．73

1,5-Heptadiene 94．391．06．856．78

2-Methyl-1,5-hexadiene 92．189．06．786．68

3-Methyl-1,5-hexadiene80.582.06.3963-Methyl-1,s-hexadiene82．06.46

5-Methyl-1,4-hexadiene 91．891．06．776.76

2,4-Dimethyl-1,4-pentadiene 81．389．06．416．70

1,7-Octadiene l17．5116．07．697.66

3-Methyl-1,5-heptadiene l10．5112．07．447．51

2-Methyl-1,6-heptadiene l15．6116．07．657．68

2,4-Dimethyl-1,5-heptadiene 132．1134．08．298．41

2,6-Dimethyl-2,6-octadiene 166.9169．09．679．86

"*obs=EHectivecarbonnumberatnormalboilingpoint(cf.TableI)

"*calcd=CalculatedvaluebyEq.5

TABLEIV・CoMpARIsoNoFcALcuLATEDcRITIcALcoNsTANTsANDHEAToF

VApORIZATIONWITHLITERATUREVALUES

EHectiveCriticaltemperature Criticalpressure Heatofvaporization
oKcarbonoKatm. (kcal./mol.）

Compoundnumber,"*atrobat25.C
Calcd.Obs､7)Calcd・Thodos5)Obs､7)Calcd・Thodos5)Obs､7)Calcd.Obs.7)Calcd_

Ethylenel.76282.4-290Ethylene－290．350．0-50.73．24

Propylene2.88365.0363.0367.345.643.045.74.404.36-3P rOpylene－3．2ァ
1-Butene 3．83419．6415．0425．339．737．039．85．245．144．874．70

2-Butene(cis)4.00430.2424.0429.341.38.037．45．585.275.304.95

（〃α"s) 426.337．35．445．15

2-Methylpropene 3．92417.9422.0425.239．536．040．45．295．224．924．84

1-Pentene4.83474.2461.0471.440.34.035.2-5.954．83474.2461.0471.440．34．035．2－6．位．

2-Pentene,4．95475.6466.0471.540．434.032．9－6．05-6．19'

2-Methyl-2-butene5.00470.2468.0471.234.33.033.2-62-6.09-6.06,5．00470．2468．0471．234．33．033．2-6.06,

2-Methyl-1-butene4.85-462．0471．6-34.035.6－5．974 ．85－6．25

3-Methyl-1-butene4.56464.8450.0-33.935．0--5.754．56464．8450．0－5．69，

bond,Eq.5failstoexpressthedifferenceof
theeffectiveCarbonnumberofcompounds
fromtherealcarbonnumber・However,the
eHbctivecarbonnumberitselfcanalsobe

definedfbrthistypeofcompound(seeTable
I),andaconventionalprocedureispossible.
Thatis,ifoneboilingpointdatumisavailable,
"*canbeobtainedonnomogramwithoutthe
aidofEq、5.
TableIVshowsthecomparisonofthe

estimatedvaluesofcriticaltemperature,critical
pressureandheatofvaporizationwiththe
observedvalues7),wherethecriticalconstants
estimatedbytheThodogmethod5'6)arealso
givenfbrcomparison.
TheapplicationofEq、6toisoparafYinsis
alsosatisfactory,thoughtheresulfSarenot
givenhere*3．Itisespeciallyfavorablefbrthe
－－－

*3Detailsoftheresultswillbepublishedelsewhere.

estimationoftheheatofvaporizationatnormal

boilingpointandthecriticaltemperature.

Summary

Amethodofestimatingthestructuralvaria--

tionintheboilingpointandotherphysical
propertiesofalkenesisdeveloped.Bythis｡
method,allpropertiesareexpressedinterms、
ofastructuralconstantcalledthe@6effbctive

carbonnumber''whichdependsonthenumber･
andrelativepositionofdoublebondsandthose
ofsidechainsbutnotonexternalvariables

suchasthetemperature・Anempiricalequa-
tionispresentedtocorrelatetheeffectiveg
carbonnumberwithmolecularstructure･By"

combiningtheusewiththepreviouslypre-･
sentednomogram*4,itisprovedtobequite,

*4Copiesoforiginaldrawingofthenomogramwillbe
lsentuponrequest．
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usefUlfbrrapidevaluationofvariouspropertiesDep"rme"rq/I)zdzJs""Che"zis"y
includingthetemperature-vaporpressurere- Fbc"I〃"画"加eej･i"g

K)′αoU"かeﾉ･sirylationshipandthecriticalconstants｡
Sa妙0-k",Kyoro


