
Ȑ͓Zɦš 

10.� ĄŞǴ̒˳͛ȠßǴ̒˳͜;p˙M˂ɓɆ  ˺
ǸțŁŕ͝—ƂĒ˴Ɓ� ŻǥĚƞ 

ǵ3tȠßĄŞZ˂ɓ 
� ̄̊tȐ͓Ɇ˺UEp[���½vÆƜUEMȉZȐ͓vƣ

TȜ;brÎ<ŔTTEn82E;E͝ŬƉýTSmpjǵ3t

ēĩȿ<Ȑ͓EpTfd2~y�½lÿ˃ƈZÆT[͝Çu »

�½ēĩȿZÿŝ<Ȑ͓Uāʘvʛq̋EpTfd2¡§¹�}

��¾¨¸½�¿ZÆT[͝y¹�¿¹/~��¹/~¿�¹ʁZ

ēĩȿ<Ȑ͓EpTfd2ȂˆČlǊ͕ǍZ�¨º¿ʜZÆT[

ȠēŖȹ��(LNG)<Ȑ͓EpTfd2����¾�½»ɋZ¬

½ªl·{�¿ZÆT[§�½l{�§�½<Ȑ͓EpTfd2

B8EMȉØœZēĩȿZ˂ɓ¾Ȑ͓vʣ9p˙fEn82ŬƉ

ýT˿ZrćZȐ͓͝K8͝ͅ;pȦȈvăEpȐ͓drºª¹

<͝WȾawUWȄawTɑtro8u͝ēĩȿuomp˂ɓ¾

Ȑ͓Ɇ˺[ɑtmp˙9fd2K8EMǘuŕÎtZ[ēĩȿu

optT͛WȾawTSr;WȄawTSr;uoptT͜Ǚ̖

ɔtňȪvƷnÎTEn82Ȑ͓Ɇ˺vʣ9rċu͝fe[Ȑ͓

Zċȁ̴͝ĄŞǴ̒˳;p˙M˂ɓɆ˺v˙pTZfEn82 

 

˂ɓɆ˺ 
� ȉu̲pe S͝rȠß<SmMǘu Ƞ͝ßZÆT[ĄŞ<̕đ

E͝WÏT<`n;qĩmpTfd2KZǵŞvʼɼZđZT˝

űEMZ<»¡¿�¾§·|½͛ 1827 Ƅ͢ §·|½̕đ T͜d2

ȈßU̚mpȠß[—ƂuȢgĩmpTp͝ŷETjđ>UÕZ

ĄŞuˌɮEfd2ˌɮuomp͝Ƞə;p[cZăasMĄŞ

[Ȉəu͍_ăEfd2K8EMȈß<ŎuˌɮdrÎTłĎ<

˝űasfd2Bs<˂ȈłTd2ȠßZȤƇv͔>EpT>U͝

ĄŞZ̕đ<ȰE>tq͝Ȉəu͍_ărĄŞjŔ>tqfd2

BZ˂Ȉł<ŕȈłUɵE>tmMȴvǶȪȐȴUŨʡEfd2

KBT͔͝TłĎZ;;rȡȝT[ȉ[100*T[Ȑ͓EfIw

E͝ŕȈłZÞT͔ŻT·¿±½vȻpj͛ȉ[100*ØÂTȐ

͓drZT͜ɊȻ9utmpEfTfd2Ƣqme>tmpTr

WȄawv4ÞȈł<ǨpTr;pȕƪEo8RUT8ˏɆvã

8Z[BB;pǨpTrZ;jEsfIw2 

 

� ȤƇvŒēaIMǘu͝˂Ȉł<T>nutr;vɣd͝ǵ3

t˂ȈłƋ<̭ɓaspTfd2Ĥ>[ 1850 ƄuɓˏasM

Clausius-ClapeyronƋ 1͝888ƄuɓˏasMAntoineƋ 1͝923

ƄuɓˏasMCoxʕĿtVTd2apu ƶ͝ƎAntoineƋ  ͝ 5

Ũǉ˂ȈłƋUVwVw˕̸ēEpˊmpTfd<͝˕̸ēEp

T>unsēĩȿɀǡZŨǉuƪĲ[ȷ>tmpTZ͝ętr¦

z�z½�¾¢·±¿�utmpTZfd2WagnerƋ[¦x½

�¹¼¿¹�ZɃƬǑɩƋZʀƇv͔irȵuɳ͠¤¸y¹é

ǉvʊg̈wNƋT1ȋɋȫŝZ˂ȈłƋUEpãusrÎ[Ŕ

>SqfIw2ňǥUEp[͝ŨǉZȿɈēšɔtƪĲĩT<Ǖ

ɢtǠĆZ͡Ƌvƴa9rZ<ŕÎutqfd2 

 

+ Clausius(ClapeyronƋ� 1850Ƅ 

� ln(Pvp)=A-B/T  � � B=ΔHv/RΔZv 

, AntoineƋ� 1888Ƅ 

� log(Pvp)=A-B/(T[*]+C  ͜

-CoxʕĿ� 1923Ƅ 

� log(Pvp)= A- B/( T[*]+230) 

. Extended Antoine Equation   

� log(P[bar])=A-B/(T[K]+C-273.15)+0.43429Xn+EX6+FX12 

/ 5Ũǉ˂ȈłƋ 

� log P = A + B/T + C*logT+DT+ET2  

M Wagner Equation � �  

� ln Pvpr = (aτ + bτ1.5 + cτ3 + dτ6 )/Tr � �  (τ=1-Tr) 

 

� +--ZƋ[͝cdĪcƑZƋTSrÎ<˞rUƣTfd2

Clausius-ClapeyronƋT[ Ȥ͝ƇZ˓Δ͂[ȷ> A͝ntoineƋT

[ēĩȿɀǡZŨǉ A͛ntoine CŨǉ͜͝ CoxʕĿT[230UT

8ŨǉT͝ȤƇ͂v˓ΔEpTfd2 

Ũǉ B [ Clausius-Clapeyron ƋTŨʡaspTro8u  ͝

B=ΔHv/RΔZvTΔHv͢ ˂ɓȮȼ͛ ęÝ[KJ/mol, ²¹SMqZ

~�¹�¿TSrÎuȕƪEp>NaT͜͝ 0͢ȈßŨǉ͝C4B͢

łʘéǉZſ͛ ɄTɹľTÀŨ T͜dZT Ũ͝ǉ�-[˂ɓȮȼZ

gZ̯ǉutqfd2�

 

ȤƇZ˓Δ͂ 
� øcVȤƇZ˓Δ͂UEp A͝ntoine ƋT[ēĩȿɀǡZŨǉ

A͛ntoine CŨǉ͜͝ CoxʕĿT[230vã8UǞZfEM<͝

CoxʕĿTɋTr230UT8ð[ ȳ͝ēȉʆēĩȿZƃŅðZð

utqfd2ȳēȉʆØœT[ð<ɑtmpZfd<͝BZ˓Δ

͂ZƪĲĩTvʣ9p˙fEn82äUEpǲƥZɑtr͝

n-Butanol, Ethyl Ether, Diethyl Amine, Diethyl Sulfide, 

N,N-Dimethyl acetoamide, HeptaneZ6ēĩȿ͛ˏ͟͜v̝w

Tgfd2BspZēĩȿZ˂ȈłvȤƇuŲEp¨»��dr

UĿ1uɣdo8u͝ēĩȿɀǡZǜʕvɣEfd2 



ˏ 1.� ēĩȿZ Antoine ŨǉU˂ɓȮȼ 

 

Ŀ͟.� ēĩȿɀǡZ˂Ȉłǜʕ 

 

BZǸ̅v A͝ntoineƋuƗmp Ȥ͝Ƈ;p1/(Tref[*]+Antoine 

C)uŒǁEpgrU Ŀ͝2Zo8uĨǜʕ[gtɘʕutqfd2

nfq͝ȤƇZ˓Δ͂[͝˂Ȉłǜʕv˂ȈłɘʕuŒ9rȵu

ŵúasM¢·±¿�TSrÎ<u;qfd2 

 

 

Ŀ 2.� ȤƇZ˓Δ͂vď9M˂Ȉłɘʕ 

 

y¹�¿¹ly¯�ēĩȿtVǲƥZ͔Tēĩȿ[ A͝ntoine C

Ũǉ<Ŷa>tqfd2Bs[ 1͝/(Tref[*]+Antoine C)T˙Mǘ

u͝SrēĩȿuĪcȤƇvÄ9pj͝ǲƥēĩȿ[Antoine C

<ŶaTĄ͝ĄȄ<Ŷa>trBUvɣEpTfd2˂ȈłuŲ

Ep[BZ͂[®{��TâɋEfdZT͝ǲƥēĩȿ[ĪcȤ

Ƈv;@pj͝ĄȄ<Ŷa>®{��uâɋEp˂Ȉł<Þ>t

rÎvɣEpTfd2nfq͝ǲƥēĩȿ[ĄŞ̮Ď<͔>͝Ą

ŞÚĩv˿BEld>͝˂ȈłǜʕZǜɅ<͔>tq͝ǜɅv˞

ȞdrMiZ˓Δ͂<Antoine C ŨǉNUT8Î<u;qfd2

BZĐǪ[ǲƥN@TȍfrZT[ȷ>͝ĄŞ<ŕZ>ts\͝

KZĄÚĩƥ<͔frZT A͝ntoine CŨǉjŶa>tqfd2 

 

˂ȈłɘʕZóZ 
� KsT[͝Ŀ͠Z˂ȈłɘʕT͝ĨɘʕZóZ[àvɣEpT

rZTEn8;  ͥ

 

 
Ŀ 3.� ǁɷȤƇU˂Ȉłɘʕ 

 

Ǹ̅vapuAntoine B/(Tref[*]+Antoine C)uŒǁEpgrU͝

Ŀ3Zo8uĨɘʕ[y¹�¿¹T[ŷEesfd<cdťûu

ÀʵEfd2BZÎ[͝ǁɷȤƇ A͛ntoine B/(Tref[*]+Antoine 

C)͜ <ÀŨTSs\͝ēĩȿZɪ͋uope˂Ȉł[ÀŨutr

Î͝ǁɷȤƇZŒēuŲdr˂ȈłZŒējēĩȿZɪ͋uop

eÀŨutrÎvɣEpTfd2 

BZ Antoine B UȐȴuW@r˂ɓȮȼ (J/mol) [

Clausius-Clapeyron ƋZŨʡujSqfdo8u͔Tə̯<S

qfd2͛ Ŀ4  ͜

 



 

Ŀ 4.� Antoine B ŨǉU˂ɓȮȼ(J/mol)Z̯é 

 

nfq Ą͝ŞuUmpZȤƇ[ A͝ntoine B/(Tref[*]+Antoine C)

TSmp ń͝ɇ͛ Ñ̮ Z͜ňȪȤƇ25*[àZƪĲjtTUT8

ÎTd2ǲƥȫŝ<͔TĄŞ̮ĎvƷl͝Ksvǂlŏdu[͔

T˂ɓȮȼvƝ˗UE͝ÚĩvŏdZuŔ>Z~�¹�¿vƝ˗

UdrUEpj͝ǁɷȤƇAntoine B/(Tref[*]+Antoine C)T˙

s\͝Ƞə;pȈəu͍_ăE͝ŎUˌɮEpłĎUEp˝ȥa

srð[ÀŨutrÎvɣEpTfd2Ȑȴ<͔TUT8ˏɆ[͝

ńɇ͛ Ñ̮ Z͜ňȪȤƇ25*oqj͔TN@T Ȑ͝ȴvǁɷȤƇ

T˙s\VZēĩȿTjĪcTSrÎvɣEpTfd2 

 

˂ɓȮȼ 
� ˂ɓȮȼU[ȠßvȈßuŒēaIrȵuƝ˗tȼ̧ZBU

Td2BZ˂ɓȮȼZð[ȈēaIrȤƇ͝łĎuæŠE͝ä9

\ȉZŉĩ͐͝Ĵ˂Ȉł(32hPa)͝25*uW@r˂ɓȮȼ[

2442KJ/kgTd< 1͝Ȉł100*uW@r˂ɓȮȼ[2257KJ/Kg

U͟č̊>ȣŷEfd2ǶȪȐȴT[ȠßZ˂Ȉł[͟ȈłUt

q͝ȐȴT[Ƞß<ȀmpTr̮u[ď9Mȼ̧[ȠßZȤƇÁ

ǔu[ãuse͝˂ɓZguãusfdZT͝ŤŨɔu˂ɓȮȼ

vȥŨTZfd2KBT͝˂ɓȮȼZŪȥð[ȐȴZjZ<Àɐ

͔ʀƇutqfd2˂ɓȮȼZęÝ[ KJ/Kg,jE>[ KJ/mol

vãTfd2ēšʁT[KJ/mol vã8Î<ŔTZTd<͝ȼv

ÔÎuŒ9ro8tĄ̦T[ KJ/Kg vã8Î<ŔTo8Td2

˂ɓZĄ̦T[͝˂ȈłƋT[KJ/mol UEpƲTfd<͝ȉv

˂ɓaIp�¿¤½vĻdÔÎuŒ9rǘu[ KJ/Kg TƲ8Z

Tȕƪ<Ɲ˗Td2BZ˂ɓȮȼ(KJ/mol)UēĩȿZȐȴZ̮u

[ǡīt̯éƋ T͝routon’s Rule(�¹¿�½Z̐Ċ 1͢884Ƅ)<

Sqfd2 

CHvap=88*Tboiling 

ȐȴT[͝ȈəUȠə<ƃˍuSrZT 1͝mol SMqZ˂ɓ�

§�~�¹�¿[�»utqfd2�§�~�¹�¿ZŨʡ͝

G=H-TS;pȐȴT[͛G/Tbp͜ =(H/Tbp) - S=0Utqfd2 

KBT͝Trouton’s Rule uƗ8ȠßZ˂ɓ~½�»¥¿[

88J/(mol¾K)utqfd2KBTȐȴUȐȴuW@r˂ɓȮȼv

ǵ3tēĩȿuŲEp¨»��drU͝Ŀ5uɣdo8u͝cd

ȳēȉʆēĩȿ(HC)ZɘʕUcdĪcutqfd2 

 
Ŀ 5.� Trouton’s Rule uƗ8ȫŝʠZȐȴU˂ɓȮȼZ

̯é 

 
ĄŞZŕZalŦʫňZɪ͋u̯upe͝˂ɓZ~½�»¥¿<

ÀŨutrUT8Z[Ãƣ˷uƣ9r;jEsfIw2Bs[͝

nfq͝ĄŞ<ŕZ>tmMq͝ǲƥZŦʫň<ŵúasp˂ɓ

Ȯȼ<͔>trU͝KsunspȐȴj͔>trZT͝KZȆɅ

[àǘjĪc88J/(mol¾K)utrUT8ÎvɣEpTfd2BZ

o8tȆä̯éuSrȫŝʠvHildebrand[ΔĊȫȠ(1929Ƅ)

UīÖ@fEM2 

 

� ȉly¹�¿¹tVȉʆʋĩvârēĩȿ[͝ȉʆʋĩZɧƆ

NmMǴ̒vƷnȵ͝~½�»¥¿<Þ>͛Ê̸a<ŶaT͜͝

ȈßUT8Ê̸tɃƬutru[áĄt~½�»¥¿<Ɲ˗u

trȵ88J/(mol¾K)oqŕZt~�¹�¿vƝ˗UEfd2 

 

 

Ŀ 6.� —ΔĊȫȠZȐȴU˂ɓȮȼZ̯é 

 

KBT Ŀ͝6uɣdo8uȳēȉʆēĩȿ(HC)Z·{½oqj͔

T˂ɓȮȼZðvɣdo8utqfd2ɀɑɔtZ<�¹¬½̣

vĭhēĩȿT͝ĄŞ<Ŷat�¹¬½̣ēĩȿ[͝ĄŞ̮ȉʆ

ʋĩ͛�{®¿͜vâmp˂ɓEfd2ǲƥň<SrƪĲÆĴa

spTrZT͝—Ƃu˂ɓEldTēĩȿutmpTfd<͝ʁ

ÆucwZŷ̧Tjȉ<ŠŃdrU�{®¿<˞̹drZTȿ



ƥ<ŕZ>ŒēEfd2ťûuȷȉZỊ̢̑[͝þŉu[Āmp

EfEfd<͝W̢<ĀptTZ[KZȵTd2ΔĊȫȠUK8

TtTjZvĄ@pʣ9ru[͝ĄŞZŕZalŦʫňZɪ͋N

@T[ėĄT[SqfIw2ƍTəÏâɋTj͝ĄŞÆu˕ǉZ

ŦʫňvƷnŉĩu[ΔĊȫȠ;p[œsrȫŝutqfd2ȉ

ʆʋĩ<3Ǻ÷ɔuƅ<qvƷn;TSrU;͝��¿¾y��

¨�¿əÏâɋ̼͝ ʿɨđəÏâɋ '͝-'����½�ZəÏâ

ɋ1ɒȉŉəÏâɋtVĄŞ̮u[ǵ3təÏâɋ<ôZfd2

KspvûpĄ̹Epî3ZĄŞ̮ĎuĄčdrBU[ŭǖT

[SqfIw<͝ĄŞ̮ĎZ�¿�¹[͝˂ɓȮȼtVZŪȥð

UEp˝űasfd2 

 

� BZȼ̧<ȮȼUĳ\spTrɈɌTd<1ȼvď9pTrZ

uȤƇ<Œupe1˙;@ÁȞ9pEfmMȼ̧N;pTd2K

BTȈß<ȠßuƯrUZu[ȮȼUĪçZ͉ȼ<Ļġas

fd2Bsv8f>ãmMZ<£¿����tVuãusrǚ;

TÂɛTd2ɕʰ;p[Ƃuȉ˂Ȉ<ɓǈaspTfd2ȉ˂Ȉ

[ȈßtZTȮȼvƷmpTfd2KBT1ʧɛZɕʰuƽdr

̿TȠēaIpSAs\1͉ȼ<ĻġTZfd2ȠēasMȉ[

ʚʒZȇɸɆ˺TÂɛZœñu̕\s1KBT˂ɓfM[ȠßU

EpȬɏEfd2ʧɛʳßZǏȼƥ<͔@s\ʧɛZœñT˂ɓ

Ȯȼ<ŚuspjßƫȈȤɔu[Ĺ͇tTZTd2—Ƃu�º¡

¿tĸĵZo8uƣ8;jEsfIw<1ēšŽšTjĤ>;p

ãmpTrƳˋTd2�¿¢¿�½¥´¿�Z£¿��½�lɝ

ȑZ¢{¨·{½Zďȼ1Ǡ̊T[¤¹ūýZƊȼĂɈuãus

r£¿�¾¢{¨<KsTd2̨ŹZ¢{¨uȤƇŇuĩuIM

ÞȐȴŝßvŷ̧˨i1ȇɸɆ˺vêd̨ŹZʓvús1ųcM

¢{¨Td2KZÀɲvȼȩuƽdrU¢{¨ZÆT˂ɓ<˿Z1

ȼȩ;p˂ɓȮȼvŚTfd2KZȈß<¢{¨Zj8ÀǑZɲ

TÿlasrUȠēEp͉ȼvÄ9fd2Ƞß[ȇɸɆ˺Tȼȩ

uƯr͝vʛq̋Efd2£¿����UĪcTdv2 

Ñ̮[Ȍlɕʰ;pZȉĄZ˂ɓTßȤv�½�»¿¹drɊ

ZȿTd2£¿����<ǚ;>ƫctTÑ[1jE;EMpÌ

ȽʧTȉĄZ˂ɓ<ŷtTZ;jEsfIw2 

ltgu1TumrȌ[ȇǮZÂuSrȌʯ;părjZT1ȇ

ZɊ9pTtT̠Ą;p[ăfIw2ƗmpƱZƃ;p[Ȍ[ă

fIw2̏ǕZ¸~�˔ZƱːvEpTrUǛmp>rZ<u

;qfd2KBTȉĄ<˂ɓEpTrZ[ɢ;NUu;qfd2

E;EȷĲȷʴZʬmȈtEZȉTd2ȇǮ;părȌ[ɕʬʯ

;părʬ˼ĄluWTƮĄvĭwTTfd2K8drUÃƣ˷

uƣTfIw; �ͥ SZɂʝƺǬTãusrƸʃZÎTd2ƱZ

^p;p[ȉE;ăpTtTtp1Ƹʃ<nTpj˂ɓEMpà

jȀptT[eTd2Ū[KZ̐qtZTd2ƱZ^p;p[ʬ

˼Ą[ătTZTd<1Ʊ1ɀuƸ[Ñ̮ZĺŦZÆTÀɐʻ>

đTp1͕Zȇv˟mMq͙vtTMqdrZTʬ˼Ą<ÖɛE

pKs<ƸʃUEpȀrZNK8Td2KBT1ƸʃZƑN@T

t>1ʬ˼Ąv˲brUśƥɋ1ɍƥɋZēɿĵZƮĄ<Ǳăa

sMqdrZTƄ×lp͝;tqÑȿõ<ʌq̈fsrK8tZ

TȈvn@fEn82͛ àvͥ͜apuʭʕdrUɁ[1SsN

@˙ÎtȇɕvɛpTrZuȌv;ZfIw2KBTÀʔu̕đ

vEMƖ1̫TʷvăEpƦvdrÎuompßȤv˲ǊEpT

fd2ƦʾET;pT[SqfIw2̮̚mpj̕đZƖZ�|

�uɁvWˬTdr[lifEn82 

 

Antoine A ŨǉZ˞̤ 
� Antoine B=˂ȈłɘʕZóZ A͝ntoine C=˂ȈłǜʕZǜɅ

UȆb A͝ntoine AŨǉZȿɈēšɔƪĲo@[‐ETjZ<S

qfd2AntoineZ˂ȈłƋZŨʡ;p͝˂ Ȉł<1mmHgTS

rUZZȤƇvT1mmHgUdrU  ͝

log(Pressure)=log(1)=0=Antoine A – Antoine B /(T1mmHg + 

Antoine C) 

UtrZT A͝ntoine A  ͣ Antoine B /(T1mmHg + Antoine C)Ut

qfd2 

BZ T1mmHg <ĄŞZňȪȤƇutq1ȤƇuŲdrƫƇ<

Antoine BUAntoine CTȍŨasrZTd2Àʹɔu ē͝ĩȿ

ZˈȴvΔɢuÍȥdrBU[—ƂuĽ‐Td2ęuĄŞ̮ĎZ

Ĺ͇N@Tt>͝ĄŞZƑɃl͝¢��½�ZEldatV<ŕ

Z>ƒ̀dr;pTd2ĪǵZɈɌTȫŝZ̥͡ȴ͛ ŀß Ƞ͝ß͝

Ȉß<üŠEpȼĎšɔƃˍɃƬuSrȤƇUłĎ͜vÍȥdr

Zj—ƂuĽ‐Td2KsuŲEp͝ĄŞZ̕đ~�¹�¿<

1mmHg Z˂ȈłuəƐdrȤƇ T1mmHg<͝˂ȈłZŪȥðǉ

ȴ;pƘpsrAntoineŨǉ;pȍŨTZrZ[ —͝ƂuǡɋT

dE͝BZȴ[̥͡ȴůTðTSrUʣ9psfd2Ɩǔb

rŲƠɃƬĞɈ[͝KZňȴvʲɎȴuʞZfd<͝ʲɎȴZƥ

Ƀ[Ȉßů>tqfd2ȠßZȿƥvʣűdrŉĩu[͝

(T1mmHg, 1mmHg)vňȴuʣ9rǑ<oqĩɈɔUˠ9fd2 

 

˂ȈłƋZ̜ɋɹľ 
� ˂ȈłƋ[ŪȥZȤƇ͝łĎZ˕ǉZŪ͒ȴ;p¦z�z½�

uompȍŨasrȵ̜͝ɋɹľ<Ū͒ȴZȤƇɹľUEpɣa

srZ<Ǚ̐Td2UBt<͝SM;jȿɈŨǉ;Zo8u͝Ȥ

ƇɹľvɣaeuãusrÎjŔTZTȕƪ<Ɲ˗Td2Ȑȴ̊

òfTZÞłZŪ͒ð;pâƮasMAntoineŨǉU͔łZŪ͒

ð;pâpsMAntoineŨǉT[ ð͝[ćȿutrUʣ9MǑ<

ʻTTd2ɀuǲƥēĩȿT[4Antoine CŨǉvȍŨdrǜʕ

ZǜɅRvUrɹľ<ŒurZTð<ŕZ>ŒēEfd2ȐȴØ

ÁʲɎȤƇØÂZ˂Ȉłu̲mp[ C͝oxZʕĿȓ͛ȤƇɗɖq

vʕĿuompȍŨ͜ZǑ<͔ʀƇutrŉĩ<ŔTo8Td2



B8EMʕĿȓ[�½¥´¿�<ɓ̙drØċ[�²�·°ȓ

UEpēšŽšZ̈́ŇT[ŔɋaspZfEM2B8EMƳˋ<

řusrZ[ȀơUE;ˠTo8<SqfIw2CoxʕĿȓun

Tp[ɴʤZHP  ͝

https://www.pirika.com/JP/ChemEng/Cox-VP.html͝  

T˪E>˯ǕEpTfdZT͝ʶĲZSr˰ʤ[ĠȺEpTMN

ZMTUƣTfd2 

 

Antoine ŨǉZȍŨȓ 

 

� Antoine ŨǉZȍŨȓ[Ŕ>Zŉĩ1íΔ®¹�¿�ȓUT8

—ʕƑZ¦z�z½�ȓTȍŨasfd2ƋZƑʳß<—ʕƑt

ƋtZT1Ū[˞[ȷǉuSqfd2ä9\ˁītè˜uˣ̇a

spTr�¿�vˏZ2 3͝uWɣEEfEn82 

�

ˏ͠� è˜uˣ̇Z � #!� 8 Ũǉ�

ēĩȿ� � #!� 8��� � #!� 8�-� � #!� 8�.�

!�§»²�¹~½� �	����
�� �
��	����� ��		�����

��§»²�¹~½� �	��
���� ���		�
��� ��		�����

"�§»²�¹~½� �	
������ ����		���� ��	�����

ˏ 3� è˜uˣ̇ZłĎUȤƇ 

�

mmHg ��� 
�� ���� ���� ���� ����� 	���� �����

!�-2� � �			��� 	�	���� ��	���� ��	���� ���	���� ���	���� �
�	���� ��	���

��-2� � �		��� 
�	��� �		���� �	���� ��		���� ��	���� ���	���� ��	����

"�-2� � ��	���� 	�	
��� ��	���� �
	���� ���	���� ���		��� ���	���� �		
���

 

̚T[ o-,m-,p-ßZ̚TN@Td<1o-ßN@ Antoine ŨǉZð

<ŕZ>ɑtqfd2˂ȈłZðuɀȁ̚T[SqfIw2nf

q1ĪɩƇtʀƇZ˞[ȷǉuSq1è˜l�¿�̷uˣ̇as

MAntoineŨǉ[ętr¦z�z½�¾¢·±¿�TȿɈēšɔ

tƪĲ[ȷTUT8ÎTd2Ksv̞@rȵu[ĆǣðvŽŘE1

ˮſZĢqǑvĭiǠ̜t˞ǩ�¦�v̭ɓdrƝ˗<Sqf

d2˪ ETÎuCʶĲ<Ss\ɴʤZHPvĠȺ́@s\UƣT

fd2ɥZ̭ɓEMAntoineŨǉ[1¦z�z½�ZʀƇoqj

ȿɈēšɔƪĲĩTv̥˛EMðutmpTrZT1ęʄuΔɢ

t˂ȈłvɜqMTŉĩu[ã8bZT[SqfIw2˂ȈłZ

�¿�<Ss\ ȿ͝ɈēšɔuƪĲZSrAntoineŨǉvȍŨd

rWeb y¨¸<͝ɴʤZHP uʞTpSrZTãmp˙pTM

NZMTUƣTfd2 

 

� ǵ3t�¿��¿�;pAntoineŨǉvġ̷dr̶uȈvn@

t>p[tptTÎ<Sqfd2Īc Antoine ŨǉTSmpj1

ƋZƑ<˕ǉSqfd2 

log (P) = A – B /(T+C) P: mmHg, T: [*] 

vɥ[ƼɋEpTfd<1log T[t> Ln͛ʳȹŲǉ 1͜P <

mmHgTt>KPa1T<*Tt>KelvinęÝtVZ�¿�<Ȣ

ŃEpTrZT1ƝeȐȴvúspˡɷE1ŕȈłutr;ɢ˫

drÎ<ŕÎutqfd2 

ɥZãmpTrmmHg [1ÒT[˱jãmpTtTUƣTfd

<1Cŭ˾>NaT21800 Ƅ×fTa;Zdr1ēšZǾħv

̃f9p1Ǵ )̒ȿƥð-ƋvǱˢEpTrZT͝t;t;Œ9r

Î<TZfIw2Ñ̮Zʮ[ AI U̚mpd?uąqǟurjZ

T[SqfIwZT2 

 
ǵ3tȿƥðZƫȤƥ 
� ȠßZǵ3tȼĎšɔȿƥð[1ȤƇuŲdr̯ǉUEpƘp

sfd2˂ɓȮȼ1˂ȈłN@Tt>1ŮƇ1ˏ̿ƎĎ1ɾƇ1

ȼÛŵɅlȆȼtVjȤƇZ̯ǉUtqfd2B8EMȿƥðZ

ƫȤƥunTpjʣ9pgfEn82ǵ3tēĩȿZˏ̿ƎĎ[

20*͛jE>[ 25*͜Zð<×ˏðUEp�¿�̷uˣ̇as

pTfd2KEp1ä9\1ȉZˏ̿ƎĎ[20*T72.74(mN/m)

T1n-©¨�½Zˏ̿ƎĎ[ 20*T 20.86(mN/m)Uˣ̇asp

Tfd2ȉ[ǲƥȫŝT1—ǲƥȫŝZn-©¨�½[ˏ̿ƎĎ<

ÞTUT8ˠTǑvo>Efd2E;E1˂ȈłǜʕZưŤb

fEMo8u1ǲƥȫŝuUmpZ20*[ėĄt̕đ~�¹�¿

vƘpstTŰTɉōT1—ǲƥȫŝZn-©¨�½uUmp20*

[ėĄ̕đTZrǚ;TɉōTSrUT8ÎvƟsp[T@f

Iw2ĘŁʩlZÑ<1ŰT�ª¸yT[ėĄu̕đTZtTo

8tjZTd2ltguĔǑʁZÑ̮[͙<͔>1ĘǑʁZÑ̮

[͙<ÞTZ[͙<ȼÐǁĺZƓčvǪMEpTr;pNUT

8˯<Sqfd2nfq1ÿMTɭȈvǚip;pʪuúsrȵ

u̓ēZ̗ɩT͙<͔>tmMZNU24�¸½<͔TUBtu

Srˀm]v͎brȵu͑<̫>tmMRuĕǋdro8të˯

Td<1àUt>�{~½�eTZUÎŪUEpKZo8tóĬ



<SrBU;p14BwtÎvɜmpTrʳĄ[͙<͔TRU˭

qʐ<spZMZT[tTTEn8;2 

 

ˏ̿ƎĎZƫȤƥ 
� ˏ̿ƎĎ[ȤƇZÁǔUUjuð<Ŷa>tq1ʲɎȤƇ(Tc)

ůo>unsð<�»utrȿƥðTd͛Ŀ 7 2͜ä9\ 20*

TZˏ̿ƎĎvȆbrU1y¯�>y¹�¿¹=�¹¦z�ͤȳē

ȉʆͣy¯½ͤ~¿�¹Z̓uŕZ>tqfd2ŕf;u[ǲƥ

Z̓utmpTfd<1ɠ͗ZúmM�¹¦z�<y¹�¿¹U

Īcˏ̿ƎĎtZ[ģ@ús<MT�¿�T[tTTEn8

;ͥBs[÷ʆZıǣƕˏZɳ2ıǣØ̱ZĞŞT[ÀʹɔtÎ

Td<1ĞŞǭuĭfsr¨·�uʿ̼asM̳Ş<Kȃ1Lȃ

Z̼Şuomp�¿¹�as1MȃØ̱Z̼Ş<Ąǲv˿BdÎ

uompƌZ˿BasrUʣ9pspTfd2ĪcɈɌT͝ɹ ʆ͝

¶|ʆtV<úmMēĩȿ[ˏ̿ƎĎ<͔TUT8ɀƛ<Sq

fd2KBT͝ˏ̿ƎĎ<͔TÎvǲƥȫŝZƸǶudrZ[̮

̚mpTfd2ltgu�¹¦z�ēĩȿ[1˂ɓȮȼvȐȴT

čmM˂ɓZ~½�»¥¿[87.0 J/(mol¾K)UtqfdZT1ɰ

ștΔĊȫȠTSrUT9fd2 

 

 
Ŀ 7.� ǡǹēĩȿZˏ̿ƎĎ-ȤƇæŠƥ 

 

KsT[1BZˏ̿ƎĎv1ǁɷȤƇAntoine  B / (Tref[*] + 

Antoine C)uŲEp¨»��EpgfEn8͛ Ŀ8 2͜ǁɷȤƇ<

4 ØÂ͛ȤƇUEp[͔T͜T[1ǡǹēĩȿZɪ͋u[ope

uǁɷȤƇ<ȍfs\ˏ̿ƎĎ<ȍfqfd2ǁɷȤƇ<ĪcU

T8Î[1Ƞə;p͍_ărĄŞZ̕đ~�¹�¿<ĪcUT8

͛ĪcłĎvÄ9r͜ǧÙÂT[1ˏ̿ƎĎjĪcutrUT8

ÎvɣEpTfd2UBt<1ǁɷȤƇ<4ØÁutrU͠ǥZ

ǜʕuĄ;spTZfd2©¨�½U§��¿¹[ĪcǁɷȤƇ

Tˏ̿ƎĎ<ÞT�¹¿¨utq1KsØœZēĩȿ[ǁɷȤƇ

uŲEpĪÀZˏ̿ƎĎvÄ9r�¹¿¨uưŹEfd2 

 
Ŀ 8.� ˏ̿ƎĎ-ǁɷȤƇæŠƥ 

 

§��¿¹Zƹđu̯Ep[Ɏ̿ȘƥČ<y¹�¹ňZɒȉŉ

əÏâɋuomp¯�¹vârÎvʣ9rUɈ˞EldTUƣ

Tfd2§��¿¹[SrǁɷȤƇØÂ͛ȤƇ[͔T͜T[·½

�°uŠŃEpTfd<1ȤƇ<Â<mp>runs1y¹�¹

ňvȠȭZœñuĬ@͛ɭȈźZǑ<ɒȉƥ<͔Tȵ 1͜y¹�

¿¹ňvȠȭZýñuĬ@p̡ĬEŜifd2ȠȭZœ;pgr

U1ȠȭZˏ̿u[y¹�¹ňZg<˙9rZ[©¨�½UĪc

TSrZT©¨�½U§��¿¹<Īc�¹¿¨uŹEpEf

8ZTd2ĄŞZƑɃl̡ĬĎvǱˢdru[ˏ̿ƎĎ[Ǡ̜t

ȿƥðTSrUˠ9fd2 

 

� Ȑ͓Ɇ˺Tˠ9\1ǠĆZȐ͓ǭZɊƮUɽ̿Z̯é1ȔZŕ

ZatVvȍirŕÎtƸǶTdE1{½��}��¨¸½�¿

Z��¹;pȐ͓uomp͍_ădȠȭZƔj1��¹ƔUˏ̿

ƎĎTȍfqfd2 

fM1®·½��ŲȚUT8—ƂuʶĲȡTŲȚjˏ̿ƎĎZſ

uompƌZ˿Basfd2̄̊täT[1¼{½v�·�uȕ

TNUZu¼{½U�·�Zƽ˟EMưT˙psr14¼{½Z

ȟR<®·½��ŲȚuorjZTd2�·�ZɲT~��¿¹

<˂ɓE1ȉĄȆɅ<͔>trUˏ̿ƎĎ<͔>tq1ŲȚ<˿

Z1ȟZo8tjZ<ƑƮasfd2ȉ<˂ɓEMN@TjȤƇ

<Â<qˏ̿ƎĎ<Â<rZTŲȚ<˿BrZT1ä9\�¿£

¿vņpEÌȽaIrU1�¿£¿Zɼ<KZŲȚuÉmpȠȭ

Zɲu̷fr1�¿£¿��{½UT8Ƿǵvâqfd2ŮƇſ

ŲȚUĖćdrȵu1̥ ĎZȷTŢŧɭ̮TZȥŨ<1ISSZ4Z

d8RTˊuspTrZTCŠɜZǑjŔT;jEsfIw2Ȑ

ȴ1ˏ̿ƎĎZɑtrȢĩȫŝv˂ɓaIrǘu[ʣƭuúsr

Ɲ˗<Sr;jɜsfIw2 

 

 

 



ɾƇZƫȤƥ 
� ǺuȠßZɾƇv˙pgfEn82ɾƇjˏ̿ƎĎUĪcTȤ

Ƈ<ÁǔEpT>U1ð<Ŷa>trȿƥðTd͛ Ŀ9 2͜MNE1

ˏ̿ƎĎUɑtq1ȤƇ<ʲɎȤƇu̙Epjð[�»u[tq

fIw2BZɾƇv1ǁɷȤƇAntoine B/(Tref[*]+Antoine C)

uŲEp¨»��EpgfEn8͛Ŀ 10 2͜drUy¹�¿¹Ø

œ[ZsTu͟ǥZɘʕuÉrÎ<u;qfd2nfq1ǁɷȤ

Ƈ<ĪcTSs\1ĄŞZ̕đ~�¹�¿jĪcutq1KZǘ

ZɾƇjĪcutrUT8BUTd2ǁɷȤƇuŲdrƫȤƥj

ēĩȿuomp̚T[SqfIw2ķÀɑtrƹđvĢry¹�

¿¹[1ĪcǁɷȤƇT[ɾƇ<—Ƃu͔>tqfd2Bs[Ə

Tȉʆʋĩuomp˙;@ÁZĄŞßɫ<ŕZ>trMiTd2

B8EMɾƇZǁɷȤƇæŠƥv˲brÎuomp1ȉʆʋĩ<

3 Ǻ÷ƥtZ;12 Ǻ÷ƥtZ;1�{®¿ƥtZ;vɜrÎ<

TZrZT—Ƃu̥ũdrƸǶUtqfd2 

 

 
Ŀ 9.� ǡǹēĩȿZɾƇ-ȤƇæŠƥ 

 

 
Ŀ 10.�  ɾƇ-ǁɷȤƇæŠƥ 

 

ɾƇ[͝ȚsZÊȚƇvˏd͝º{�¹�ǉvȍir̥˗tȿƥ

ðTd2BZº{�¹�ǉunTp[Ǻɱu˸rUEp͝ćZ˝

ȴ;pɾƇU˂ɓv˙pgfEn82ŋǍ[͈͝Ǎ͝¸®¿K

EpȫŝZʊgĩuITâpspTfd2ŋǍvŋr̶ZŕÎt

ɀƥUEp͝ȠNsvEtTUT8Z<Sqfd2Bs[ņɘt

ŎuŋǍvŋmMǘu̥ĎTŋǍ<ÂZǑuņspZpEf8

Ɇ˺Td2Bsv̰?u[͝ŋǍZɾƇv͔>ds\TTZTd

<͝drUÒƇ[͝˄>ŋstT͝ŋmMǘu �Zɶ<ȀrU

T8Ĺ͇<Ɋcfd2KBT͝ŋǍZˤˡT[͝IwǏv;@M

ǘ͛ĉȇT;ZȢgpTrǘ͜[�·�·EpTp̽͝ǻEMǘ

u[ɾƇ<ÁǔEpŀēdr���ƥv8f>ȘɋEfd2��

��»¥¿U[�¹Zo8tŊƥŀßU͝�¹Zo8t—�´¿

�½ȠßZÆ̮ɔtȿ˼<ɣdƥ˼Td2KEp͝ŋˑ<ʉum

Mȁ̴T͝ɾƇ<Þ>ȐȴjÞT˻ȫŝ<øu˂ɓE͝ʁZɾƇ

<apu͔>tq͝¸®¿vo>ȫ˞dr͔Ȑȴȫŝ<mm>

q˂ɓdrBUuompȠNsIe͝ˏ̿<ʖŮt¸®¿źu

˘usMŋʱ<ƑƮasfd2˕ǉZ¸®¿vã8ŉĩu[͝

˂ɓv�½�»¿¹drBUuomp͝¸®¿ZʊƮ<ˏ̿;

póǎdrǹʫƥŋʱvƑƮdrÎ<TZfd2 

 

ŮƇZƫȤƥ 
� ȠßZŮƇU[VZo8tȿƥðTEn8; �ͥ ̐Ƃ[ŭɫ

<ÀŨZ±�¦·��tVuȠßvús1KZ̥avȥŨEpŮ

ƇvƘfd2ĄŞ˳ɔuˠ9\1ĄŞ̧vĄŞßɫTčmMð<

ŮƇutqfd2Ŕ>Zŉĩ1Ƞß[ȤƇ<͔>trUŮƇ<Ŷ

a>tqfd2dtul1ȤƇ<͔>trU1ĄŞßɫ<ŕZ>

tqfd2ĄŞßɫ<ŕZ>trUT8Z[V8T8ÎTEn8

; �ͥ ȳʆ)ȳʆZʋĩlȳʆ-ȉʆZʋĩ<̫>tmp1ĄŞ<

žŕēdr �ͥ KwtÎ[SqfIw2ĄŞZ̕đ<ȰE>tm

p1ĄŞĪŐZˌɮ<Ŕ>tq1ƃŅɔtĄŞ̮̹̂<̫>tr

Mi˙;@ÁZĄŞßɫ<ŕZ>tqfd2ɭȈUZˌɮv̞@

rMiťûtɚɭɃƬu 1mol ZȠßvúss\1ȈßutrU

͟²¹ZȠß[͞*Tʂ 22.4 ¸��¹utmp͟ȈłZłĎu

tqfd2Ƞßu[łĎv;@pjßɫ[cUwVŒuptTȵ͝

ȉZȠß[0* 1͝ȈłfTďłEpjʂ18mlTd<1Īc0*͝

1ȈłTjȈßtp22.4¸��¹utqfd2 

̎u͝ūȤTȈßZēĩȿvȠßɯʆTÿěEpȠēaIrBU

vʣ9fEn82ŭĺvfeɚɭuƌZ͝Ƞßɯʆun@fd2

¡¹§v̭Tp��vŵúEpŭĺvȠßTȨMEfd2ŭĺu

úmMēĩȿZ˼̧[u;qfdE͝ŭĺZŭɫju;rZTȠ

ßɯʆZȤƇTZŮƇ[ˡɷTZfd2KEp¡¹§v̬cpū

ȤuƯEMǘuŭɫjÆuúmpTr˼̧jŒuptTZT͝Ƞ

ßɯʆZȤƇTjūȤTjŮƇ[ŒuptTBUutqfd2 

Bs<1ŮƇ<̯urȿƥðZƫȤƥvɈ˞drÎ<‐E>tr

ĞļTd2 



 

 
Ŀ 11.� ŮƇZȤƇæŠƥ 

 

� Ū̶ZȠßväu1ŮƇZȤƇæŠƥv˙pgfEn8͛ Ŀ11 2͜

ȤƇ<͔>truns1ŮƇ<ÞÂEpT>Z<Wu;qTMN

@rUƣTfd2ēĩȿZóĬUEp[y¯�ēĩȿ<ÀɐŮƇ

<͔>1y¹�¿¹U�¹¦z�ēĩȿ<KsuʑZ1ȳēȉʆ1

y¯½1~¿�¹Uˏ̿ƎĎUĪcóĬutqfd2y¹�¿¹

U�¹¦z�ēĩȿZǜʕ<cdÀʵdrZjˏ̿ƎĎZŉĩ

UĪcTd2ÎŪ͝ˏ̿ƎĎZƾɷƋZÆu[ /͝56�8!7�1A978 

ȓUT8¢·�¿¹UȠß͝ȈßZŮƇvʋ_n@MƋ<Sr>

pTT͝óĬ<Üp>rZ[ƐMqċUjˠ9fd2ˏ̿ƎĎU

Z̚T[͝ȤƇ<͔>truns͝ŮƇ[ƤuŶa>trBUT

d2KEpˏ̿ƎĎ[ʲɎȤƇT[�»utqfd<͝ŮƇZŉ

ĩ[ʲɎŮƇ /͛3�ʲɎßɫ͜utq͝�»u[tptTBUT

d2KBT /͝56�8!7�1A978 ȓT[ˏ̿ƎĎZƫȤƥ[͛ ɀuȤ

ƇZ͔T̈́ŇT[͜ΔE>˦çTZfIw2�

�

 
Ŀ 12.� ŮƇUǁɷȤƇZ̯é 

 

˂ȈłvÀŨudrǁɷȤƇvĈɋEpj͝ŮƇZƫȤƥ<ēĩ

ȿCUuɑtmpEf8Î[Ŀ 12 ;pjǕp;TEn82BZ

ÎunTp[͝ǺɱTʲɎȴ;pjʣűEpgfEn82 

 

� Ȑ͓Ɇ˺ZÆTǇ9pŮƇZƫȤƥvĢqÁApTrZ[1Ů

ƇſuorŲȚ<̥˗N;pTd2ńɇZȤǚēTĔǲZȊ<ȫ

@pTrZ[CŠɜTEn82fM ¸�¿½lĦ͌<Ƅ3Əȶ

ēEpTrZjŪƫUEp˫˶EpTrZT[ȷTTEn8

; �ͥ ͘ȯZˇˊtVjĭipɑƂɆ˺Zŕ÷[ĔǲZȊ<ȫ

@MÎTSrUT8Ɉ˳<Sqfd2ȝZȉ[̼˞˼<ȫ@pT

rZTˈȴ̱ÂT 0*T[ĀqfI<1ĔǲTZȈȤT[ȝȉ[

Āqfd2ȉ<ĀmMUZu[ŌĄ[ĭfsfIwZT1ȊZÂ

Zȝȉ[ŌĄȱƇ<͔>tqfd2KEpȝˏ̿ůTcVƏ>

ÿěasfd2KBT1ŌĄȱƇ<͔>ÿMTȝȉ[Ȇ̥<̥>

tqȎwTˊZfd2Bs<Ĕǲv˿ȴUEMȡźȝȚutqf

d2ŕ˖ȗv̐q1ŗƃȗZĔu̙dBtȝˏ̿uăpZpǚi

psMǚȚUtmpƯmpTZfd2WoK 2000 Ƅ;@pńɇ

vÀıdrUˠuspTfd2Ǡ̊[Bsv>gÁAp«��¬

�¹uúspőmpTrZTʦTMÎ<SrTEn824ńɇ˚

ǷZȼƙɉZ˿ȴ[ĔǲZȱTŌĄȱƇZȝȉ<Ȏg̈hBU

uSrRUdrU1ĔǲZȊ<ȫ@rUT8Î[àvƪĲdrT

En8; �ͥ ˄TŌĄȱƇZȝȉ[Ȇ̥<̆>1Ȏg̈hĎ<ƍ

>trUT8ÎTd2˄TŌĄȱƇZȝȉ[1ʢƄZþu[1ˈ

ȴ̱Â<ŷt>trZTĀqld>tq1˙;@ÁZȊZ̿ɫZ

ȣŷ[Ŷa>tqfd<1ǌş̐q1ȉ̿ÂT˿BmpTrÎ[

ȡźȝȚZȚs<ƍfrÎvƪĲEpTfd2drUKsuns

p˽̘Ö̊Zȼ[ˊZŉ<t>tq1˂ɓȮȼvŚmpȈēEp1

ǚ;TɭȈ[Ȇ̥<̆>tmpÁǔȈȚutq1Ħ͌l ¸�¿

½ZƑTȼvĔuƙɉaIrÎutqfd2ȉ<̕`ȼ̧UɭȈ

<̕`ȼ̧[ǯ̚TTd;p1Əȶu͆ʙu˿Zro8utr2

Bs[S>fTjÀnZ˞̤TɚŪT[tT;jEsfIw<1

4Ƞß1ȈßZȆ̥ſRuorȼƙɉ[Ȑ͓Z̶ZȔZȜĎuj

̯ump>rŕÎtǳơtZTǇ9pBBTʈÓaIpTMN

Zfd2 

� ltgu1ůŻȏZȡźȝȚ[ȉȡ800m?pTTd2®��

|��·<Ȯrȡa[Ǡŕ 3000 ±¿�¹TdZT1á˒Tȡź

Zȉv͏hÎ<TZfd<1Ãƣ˷uƣmMÎ[ȷTTEn8

; �ͥ ͖[ßýuȜZːvƷmpTrZT1ȜZȎg[ȜZːZ

ŕZaT˲ǊTZfd2��·[cË͋tZTȜZːvƷmpT

fIw2V8lmpȜĎv˲ǊEpTrZTEn8; �ͥ Ū[1

®��|��·Zͅu[ʮȑĺŦUT8ɀǿtĺŦ<Smp1K

Bu¼���ɃZʮȑ<˨fmpTfd2KBuȝȉvȚEpÿ

ldUŀßZɃƬůo>MiȆ̥<͔>tqȎwTTZfd2

ȜÁEMTUZu[1ˉȚ͛cË͋tZTˉȠ[ǚ;T͜vȚE

pȆ̥vÂArZTd2ƪƣZĎTȆ̥vŒ9psrU[1dC

TɊȿTdv2ʳĄjß̥ˡuÉrUZu4ƪƣZĎTR1Uƣ



mpjȀơt<pT>pɭȈußdrȆ̥vŒ9pjß̥[Œ

9psfIw222 

 

əŲ˂ɓ̑Ƈ(RER) 

� ŋǍl{½�ZĄ̦T[1͈Ǎ͛ǫǍ 1͜¸®¿UȫČvã

mpʟET�¿�z½�vˊTfd2Ǡ̊[ɉōvţr˝ȴ;p

ȉʁZ~®¹�µ½ŋǍjŔ>tmpZpTfd<1ʥÈƥZ˝

ȴ;p1fNfNȫČʁZŋǍ<Ŕ>ãusfd2MN1ä9\

y±¸�T[ɓˊ̠ǉ<1500̠ØÁZǐʦZ8l95͚<ŕ˹ȑ

vãmM{½�vãmpTfd2ǐʦʅ[ŬƉýuSq1Şål

«��<ʸiMqdr1ǀAȿZȑvĮuIrtVuãusrÎ

<SrMiUaspTfd<1ǓǥT[V8tZTEn8; �ͥ  

ŕ˹ȑ[1¸�¿¹̣͛ʂ 50͚ 1͜�º{½̣ 2͛0͚Ə 1͜¢¹

¯�½̣͛ʂ 10͚ 1͜¸�º½̣͛ʂ 10͚ 1͜��y¸½̣͛ʂ

5͚ Z͜ʬʨ̣ȢĩȿT1ĄŞ̧<ŕZ>˂ɓEu>TȫŝTd2

{½�vʅlǤǦuŋrUZu[1ȫČ[ʅZʚʒtVuĮġa

spT>ZTKsTjÌTpTZfd<1̨Źl¨·��z��

Zŋˑu[͔Ȑȴȫŝ[ã9fIw2B8EMŋǍl{½�tV

uãusrȅƥZÞT1TumrɉōuöET͛��½źɟŏ1

ńɇȤǚē͜ȫŝ[1Ŕ>Zŉĩ1əŲ˂ɓ̑Ƈ(RER: Relative 

Evaporation Rate)Zð<ÖˣaspTfd2ȠßZ˂ɓ̑Ƈ[

ęÝǘ̮1ęÝ̿ɫSMqZ˂ɓ̧̥TȥŨE1̐ Ƃ25*uW@

ṛ̢§�¹Z˂ɓ̑ƇUZȆTˏEfd2 

Ƞßv˂ɓaIrUZu[1ȠßZÁZɭ̮<̬cpspTs\1

͐Ĵ˂ȈłĄN@˂ɓEMƖu1̇ ;@Á1˂ ɓ[ǻfqfd͛ Ƞ

ə;pȈəa˂ɓdȓƇU1Ȉə;pȠəuƯȓƇ<Īc1

ƃˍɃƬu̙dr 2͜�¿¨½tɉōT˧͒EMUEpj͌̑͛ ͐

Ĵ˂ȈłĄZȈßĄŞvȚEğr͜tVZƒ̀vģ@p˧͒ʋǪ

<ŕZ>ŒurÎ<Sqfd2 

 

� ŰÆȉȖlȼTW͌İuúrǘZÎvʣ9pgfEn82úm

pcmUEpTs\d?ußˏ̿uƽdrȉ[ßȤ̊>utq

fd<1ȉvǃƵEMpUpjcktTTd<úmpTpsfI

w2̪ȦTŞå<Ȧʺu͍_̈wNqdrZ[̍ƨt˩Td2K

BT1��´¿¡¿¾�{¤½�T[ȼÛŵƥZƧT�°Z�¿

�uȉvúsM|~���¿�vãTfd2ǃƵaspjßˏ̿

ZȉZź<[<stTo8udrȵTd2fM1Ƞß[˂ɓdr

̶u˂ɓȮȼvŚ8ZT1ȠßZȤƇ[ÞÂE1˂ȈłjÞ>t

mpEfTfd2þŉZŰTǘǣu͌<į>UȤƇØÁuŰ>ƫ

crZ[1ǚfmMßˏZɭȈ<͍\asrɘƽɕʰ<ÿěas

rN@T[ȷ>1ɕʰ;pȉĄ<˂ɓE˂ɓȮȼvŚ8Îuj˿

ļEpTfd2gisfcqZ̻TˎǢ<ȲspƏT͌<įTM

pǠƧTd2 

ɕʰ;pȉĄ<˂ɓEMʋǪ1ÌȽʧutrZT1ȉZ˂ɓvƴ

a9rȵu¼�¸½vŋqfd2ltgu1þŉu͎bCtv̉

9rnrnrùmM˽T¸½�2BZ¸½�Zˏ̿Z¼���[

Ǫȿ<Ì;tTo8uʳȹuĄȒasrjZTd2˙;@<o>

trZT1ÑŽɔt¼���vŋmM¸½�jƀŉuăĻmpT

fd<222 

 

� ˩vjUuƯEfEn82˂ɓ̑ƇTd2˂ɓu̯drȼĎš

ɔtȿƥðZ¨º¿³¿vɢ˫EpWZfEn82 

SrňǦZÁuňǦUĪc͛ 25* Ȥ͜ƇZȠßvņpEfd2K

BuÀŨZȤƇ1πƇZÀŨ̑ZȈȚvȚEfd2Ƞß[25*Z

ȤƇuəƐdr͐Ĵ˂ȈłĄ˂ɓEfd2drUȠß[˂ɓEM

Ą1˂ɓȮȼvŚusȤƇ<Â<qfd2ňǦZȼŭ̧<ėĄŕ

Z@s\1ňǦZȤƇ[ŒuptTZTňǦ;pȠßuĬ;mp

ȼ<ɨđEfd2͛ ¦¿¸~ZȓĊ͜KZȼZɨđZElda[

ȠßZȼÛŵɅTȍfqfd2Ƞßˏ̿Zÿ9MȠß<ý̠Uú

sǟurZu[ˏ̿ƎĎlɾƇ<ƒ̀drTEn82Srȼ̧<

Ä9psMUZu͛˂ɓȮȼvŚusMUZu͜VsN@ȤƇ<

Á<r;͛Â<r;͜vȍirZ[ȆȼTd2fM1˂ɓ̑Ƈ[

̧̥Zȣŷ̑ƇtZT1ȠßZĄŞ̧jƝ˗utr;jEsfI

w2 

 

� əŲ˂ɓ̑Ƈ(RER)UȼĎšɔt¨º¿³¿Zȿƥð<ėĄu

SrȠß109ɪ͋unTpʣűEpgfEn82fe1d?uƣ

Tn>Z< 4͝Ȑȴ<ÞTjZ[˂ɓEldTR2ɢ;uKZóĬ

[SrZT1ɢ˫EpgfEn82Ŀ 13 uɣdo8uóĬUE

p[ΔETZTd<ėĄtʀƇU[ˠ9fIw2 

 

 

Ŀ 13� log RER UȐȴZ̯é 

 

VBT̮̚mMZ;UT8U1ȐȴZ˂Ȉł[ 760mmHg TV

ZȠßjĪctZTd<1ȐȴUȥŨȤƇZ25*Z̵̮[Ƞßu

ompɑtrÎTd2KEp125*;pȐȴfTZ˂Ȉłǜʕj

ȠßuompɀǡZǜʕutrZT1RER vȐȴ;pÍȥdr

Z[Ľ‐TSrÎ<u;qfd2 

KBT1ĨȠßZ Antoine Ũǉ;p 25*TZ˂ȈłvˡɷE1



RERuŲEp¨»��Epgfd͛Ŀ14 2͜ 

 

 

Ŀ 14� log RER U 25*uW@r˂ȈłZ̯é 

 

ŕf;u[ʻTZTd<1À̠ZȠßT1˂ Ȉł<͔TZuRER

<ÞT͛ɘʕTÁ`s͜EpTrȠß<Sqfd2˂Ȉł<͔T

Zu˂ɓ̑Ƈ<̔TZ[1˂ɓȮȼvŚmpȠß<ÿěaspT

r;pT[ȷT;Uʣ9˂ɓȮȼ(J/g)uŲEp¨»��Epgf

d2 

 

Ŀ 15. log RER U 25*uW@r˂ɓȮȼ(J/g)Z̯é 

 

UBt<1əŲ˂ɓ̑ƇU˂ɓȮȼ(J/g)u[û>ə̯<ȷTÎ<

u;qfd͛Ŀ 15 2͜VBT̮̚mMZ;UT8U1˂ɓȮȼZ

ęÝTd2˂ɓ̑Ƈ[̧̥ȣŷZ̑ƇtZT1˂ɓȮȼv J/g T

ʣ9MZTd<1Ū[Ŀ 16 uɣEfdo8uəŲ˂ɓ̑Ƈ[˂

ɓȮȼZJ/molU͔Tə̯<Sqfd2 

 

 
Ŀ 16. log RER U 25*uW@r˂ɓȮȼ(J/mol)Z̯é 

 

ʕ;pŕZ>œsr͡ȴ[1ĄŞ̧ZŶaT�¹¬½̣ēĩȿT1

ĄŞ̮ȉʆʋĩT�{®¿vâq1ȈəÆTj�{®¿vƑƮE

pTrZTBZo8tʋǪutqfd2 

AntoineZ˂ȈłƋT1Antoine BŨǉ[˂ɓȮȼ͛ KJ/mol͜ U

ə̯<SrÎvɣEfEM2Ɨmp1RER <˂ȈłU͔Tə̯

<SrUT8Î[1UqjtWae1RER [²¹ęÝZ˂ɓȮ

ȼU͔Tə̯<SrÎ[ʳǕZÎNmM˥Td2MNE A͝ntoine

Z˂ȈłƋTãmpTr˂ɓȮȼ[ȐȴuW@r˂ɓȮȼTd2

25*uW@r˂ɓȮȼ[͝ȐȴZ˂ɓȮȼu 25*;pȐȴfT

ZȤƇſuȠßZ²¹Ȇȼv;@Mȼ̧v́I\ʻTZT1Ȇȼ

ZęÝj²¹TƲut@s\tqfIw2RER uŲEp²¹Ȇ

ȼv¨»��drU1Ŀ 17 Zo8tə̯<Ƙps1Ƞßvǚi

rZuoqŔ>Zȼ̧<Ɲ˗tȠß[˂ɓaIu>TóĬ<S

rBU<u;qfd2 

 

Ŀ 17. log RER U 25*uW@r²¹ȆȼZ̯é 

 

BZȆȼZęÝv J/g¾K TĢmpEf8U1Ŕ>ZȠßTȆȼ

[1Ŀ 18 uɣdo8u1WWoK 2 ?pTutq1Ȇȼ[˂ɓ

̑Ƈu[ƒ̀EtTU˞̤<ɑtmpEfTfd2 

 

 
Ŀ 18. log RER U 25*uW@ŗ̥ęÝZȆȼZ̯é 

 

˂ɓ<�·°T[ȷ>²¹uǄ̡aspTrUT8ƪĲT[1

Antoine Z˂ȈłƋT[1²¹˂ɓȮȼ1²¹ȆȼZĐǪ[ǒu

ʊg̈fspTrZT1Ŀ 14 TɘʕoqÁ`sdrȠßZ˯Ǖ

u[tqfIw2�·¦u[ɣEfIw<1ˏ̿ƎĎ<͔TȠß



[˂ɓEu>T1ɾƇ<͔TȠß[˂ɓEu>TóĬ[Sqfd

<1Īco8uÁ`sdrȠßZ˯Ǖu[tqfIw2 

 

ȼÛŵɅ[V8;UT8U1Bsj̧̥ȆȼUĪǵT1cddb

pZȠßT1150mW/mK ɩƇUtq1˂ɓ̑ƇU[ə̯<Sq

fIw2ȼÛŵɅ[1ęÝ̿ɫ1ęÝĝgƐMqZéǉtZT1

Ǻ÷ɔu[ßɫutq1²¹ęÝTĐTpTr˂ɓU[ə̯<Þ

>tqfd2 

 

Ŀ 19. log RER U 25*uW@rȼÛŵɅZ̯é 

 

Ŀ 14 TɘʕoqÁ`sdrȠßZ˯ǕTZr¨º¿³¿[Ÿt

>tmpEfTfEM2 

KBTƣTăEṕZMTZTd<125*1͟ ȈłUT8ȥŨǧ

ÙZƪĲTd2Bs[ńɇňȪZðTSmpĄŞZňȪȴT[ȷ

TUT8ÎTd2KBT1RER uŲEpǁɷȤƇ Antoine 

B/(25[*]+Antoine C)v¨»��EpgfEn82 

 

 

Ŀ 20. log RER U 25*ZǁɷȤƇ 

 

Ŀuɣdo8u1—ƂuZsTtə̯<Ƙpsfd225*TZ˂

Ȉłv¨»��EMĿ14[ʗ̅<log¨»��TSmMÎvʣ9

rUˁETʀƇZĬÁ<[;psMÎutqfd2 

BZÎ[1ńɇňȪZ25*1͟ ȈłTʣ9pTpj˂ɓ̑Ƈ[u

;ptT@V1T1mmHg1͟mmHg UT8ĄŞňȪTʣ9s\1

VwtȠßTj˂ɓ̑Ƈ[ĪcTSrÎvɣEpTfd2 

 

BBT1˰ʤuW͊TEMTÎ<Sqfd2 

BBfT²¹Tʣ9pZp1[mZq˞̤TZM˂ɓɆ˺TSr

Zu1àǅ˂ɓ̑Ƈʳß[̧̥Zȣŷ̑ƇtZ;ͥUT8Ĺ͇T

d2ɴʤZḐ̌T[V8EpjKZ̠ĄZ˯Ǖ<nZfIw2ǐ

ET˞̤vjUu1ɞɬvƴE̓ip>srʽƱɞɬĶ<ʑTp

>srÎv͊mplgfIw2 

 

� KsT[1j8ÀnZĄŞňȪvʣ9pgfEn82ĄŞZɃ

Ƭvʣ9MUZu͡nZňȪȴ<ʣ9psfd2Àn[ĄŞ<̕

đvû>EtTʏŲ͞Ƈ2Bs[ŢŧňȪUjT9fd2Ǻu͡

̥ȴ2Bs[ȥŨlƾɷ<‐ETZT1T1mmHg1͟mmHg v×

ɋEpTfd2ǠƖ[ʲɎȴ2ʲɎȴT[ʲɎȤƇ(Tc)1ʲɎł

Ď(Pc)UĄŞ̮Ď<ln8V̩qĩmp1ȠßTjtT1ȈßT

jtTĄŞɃƬutqfdZT1Ĥ>;pĄŞZňȪȴUEpĈ

ɋaspZfEM2KBT125*Z˂Ȉł<ʲɎłĎ;pVsN

@̹spTr;vɣd̟÷łĎvəŲ˂ɓ̑ƇuŲEp¨»�

�EpgfEn82 

 

 

Ŀ 21. log RER U̟÷łĎZ̯é 

 

ÍƩasMo8u1ňȪȴv͛T1mmHg1͟mmHg͜;p1͛ Tc1

Pc͜uŒǝEpj1Īco8uRER <˯ǕTZrÎ<u;qf

d͛Ŀ21 2͜ 

 

 

Ŀ 22. ǁɷȤƇU̟÷łĎZ̯é 



 

KEp1Ŀ 22 ;pǁɷȤƇU̟÷łĎunTp[—ƂuZsT

t̯é<SrÎ<ɢ˫TZfd2 

˂ɓɆ˺[VlpZňȪȴvãmpjŕſ[SqfIw<1ÞȤ

ZȠßvʣ9rtp1͛ T1mmHg1͟mmHg͜vãT1Ȉßvʣ9

rtp1͛ Tc1Pc͜vã8Z<ĩɈɔT[ȷT;Uɥ[ƣmpT

fd2 

 

àǅ1ēšŽšlÛȼŽšT[ȿƥðZęÝv²¹¾ª¿�T[

ȷ>1̧̥ª¿�Tʣ9pZMZTEn8; �ͥ Ks[ʣ9ǑZ

ňǥ<ȉª¿�NmM;pTd2ȉ[͔3ĄŞ̧< 18 TɯʆĄ

ŞZ 28 oqjŶaTZu1Ȑȴ[ 100*Td2˂ɓȮȼvȐȴ

TčmMð[109TdZTΔĊȫȠ;pjœsrZ[ÕZy¹�

¿¹ēĩȿUĪcTd<1̥ ̧ª¿�Z˂ɓȮȼ[2444J/gUy

¹�¿¹tVUȆbpjïZðutqfd2ȼÛŵɅ[ 25*T

607mW/mKUÒĻǱˢEMȠßZ3ï̊Tðutqfd2²¹

Ȇȼ[75.358 J/mol¾KtZTŶaiZðutqfd<1ĄŞ̧

<ŶaTĄ1̥ ̧Ȇȼ[4.187 J/g¾KU̐ƂZȠßZï̊Tðu

tqfd2KZčuɾƇ[Þ>0.89mPa¾sU̐ƂZȫŝÅgT

d2BZo8tÃƣ˷tȠßvª¿�uƶƎvEpZMZT1Ã

ƣ˷a<̶ɰņ̥ª¿�Tʣ9pZMZTEn82ÛȼZĄ̦

T[ȼÛŵɅ[̥˗t¦x��¿utqfd2BZȿƥð[²

¹¾ª¿�T[SqfIw2ęÝ̿ɫ1ęÝĝgƐMqZéǉu

trZT1KsuŮƇ<ďus\̧̥ª¿�utqfd2KBT1

ȆȼtVj̧̥ª¿�1˂ɓȮȼj̧̥ª¿�TɈ˳<ʊfsp

ˊmMZTEn82ȼUÔÎvʣ9rÁTj̧̥ª¿�Tʣ9r

Ǒ<ǡĈTd2˂ɓUT8²¹¾ª¿�ZÎ˺<ʍft@s\1

Ks[KsTĩɈɔTd2E;E˂ɓ<ʍwT>rU1ȉZÃƣ

˷a;pœss\œsrcV͛ȉʆʋĩƥZŷtTȠßcV͜Ɉ

˳<ĩut>tmpˊ>Î<ÍƩasfd2Antoine ŨǉZUB

tTj˟sfEM<1—ʕƑZƋ[˞<˕ǉŠŃdrĥʫƥ<S

qfd2ǥǨ˂ɓu̯édrȆȼZęÝv J/g¾K uUqə̯<

t>tmM`w1ȆȼZéǉvÂA1Ksv˓8ƑT1ÕZȿƥ

ðZéǉv͔>Epûßv˲ǊEʀƇZ͔TƋvǴɺdrÎ[

ĥʫTd2MNE1�¿�ǉ<ŷtTŉĩ[2E;E1KZéǉ

ZðvìcpĄŞˤˡvdrU1UwTjtTʋǪutq1fM

éǉvƚ˲Ǌdr1vʛq̋dÎutqfd2ÒĻZo8u100

ʁv̀9r�¿�<SmMŉĩu[1WKp>Ǚ̐Zʎˡ˞ǩ�

¦�T[˞ǩÃʫutrTEn82 

ltgu͝ĄŞňȪZ T͛1mmHg1͟mmHg͜l T͛c1Pc͜vã

mpj1ȉZ RER=0.4 [ʕZÁuťûuÉqfd2Tumrɶ

ZʻT˞̤vdrBU[͝ľɡlŴǰZo8uŔ>Z˞<ŠŃd

rĹ͇v˞>ÁT—ƂuǡĈutqfd2 

 

� BBfT[1ȠßZȿƥZ˩TEM2ŕȈłZÂ1ǡǹēĩȿ

<ǶȪȐȴu̙EpjȐ͓[˿ZfIw2Ƞə;p͍_ădĄŞ

U1Ȉə;pƯrĄŞ<ƃˍu̙E1KZȤƇTZĄŞZ̕đ~

�¹�¿<ŎuˌɮEp˝ȥasrłĎ<ŕȈłuɵE>tm

MN@Td2Ȑ͓U[ȠəÆu˂ȈZȔ<TZ1Ks<Ʈ̫Ep

T>Ɇ˺tZTBsfTZȠßÆƜZʣ9ǑT[Ɉ˞<̓gf

Iw2ĄŞZňȪȴUEp[͛ T1mmHg1͟ mmHg U͛͜ Tc1Pc͜

Zln8VÆ̮Z̈́ŇZ˩utrUƣ8ZT1ǺɱT[ʲɎȴň

ȪZȼȿƥvʣ9pgfEn82 

  


