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ǟǮǷȓȍ!(CH3CH2OH)!!
H3C!

CH2! OH!

ćÛc! œÛc! JÐoȈȓȇȑǴ[1]!:!1.69!D!
ƎŜƍüȕ20!°CȖ[2]!:!21.4!

āþȒńþå�ǙǑƿ@O÷ȕ�șǛȍǡȏǝǵǄǃȖǆ!
5ƌĨōñnǂƷǀ7ă!

Ǫȇǰȍǟȓǲȍ!(CH3OCH3)!! H3C! CH3!

O!

Cf.!Û!

JÐoȈȓȇȑǴ[1]!:!1.85!D!
ƎŜƍüȕ20°CȖ[2]!:!75.1!!

H! H!

O!

JÐoȈȓȇȑǴ[1]!:!1.30!D!
ƎŜƍüȕ25!°CȖ[3]!:!5.02!

ÛǅMñȕ7!mass%Ȗ[4]!

[1]!CRC!Handbook!of!Chemistry!and!Physics,!91st!EdiLon,!edited!by!W.!M.!Haynes!(CRC!
Press,!2010)Ʀ[2]!T.!Sato!et#al.,!J.#Chem.#Phys.,!110,!2508!(1999).!
[3]!Ł�ǔ,!Ľ>ũ¢ŉ�ŠµƋ,!30,!41!(1999).![4]!H.!Holldrff!and!K.!Knapp,!Fluid#
Phase#Equilibria,!44,!195U209!(1988).!
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293.15 K ǆ DME + ǟǮǷȓȍĩǆÚé�Ŋǁǆ 
áóĳǁǆéčz�ǳȓǮǆdS�

G. Dahlhof and A. Pfennig, J. Chem. Eng. Data, 45, 887 (2000). 
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AșŚ¶*făǢȋǫǬȍȘB1ȒB2șǩȌȑǪȃȑǾȕISCOĕōȘ260DȖ  
Cș�ïÓȕThomasĕōȘTRL101FEZȖȘ 
DșĉŽðï¦¤�ȗƓĨ�ǳǪǮȍï�ŗȕASL F250ȘĨ� ± 0.01 KȖ 
EșǯǝǛǼȋȆaǈƺǎǦȓǪȕ/UƍÏĕōȘPG-500KUȘĨ� ± 0.001 MPaȖ 
Fș¬> U pģz�ŗȕAnton Paar 512PȖ�

T. Aida, et al., Rev. Sci. Instrum., 
 78, 115111 (2007) ǙIĹǅō�   
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ï�ƕș 293.15 (± 0.01) K 
 
^;ƕș 1, 10, 20, 30, 40 (± 0.01) MPa  
 
Ś¶ǆæżƕș 0.5 mL min–1 
�

ŚńƦDME șƕ�Þ@rȕÍȖȘī� 99.8 % 
ƦƦƦƦǟǮǷȓȍƕșƕƕU,īń�ÏȘŚńøĬȕī� 99.5%Ȗ 
ƦƦƦƦŚ¶Ǉźżãǁşō�

zƦ�ƦðƦu�

ƗƗ�11 

€ 

ρ = K1(T,P) × τ
2 +K2(T,P)

æ�ǆz�ƕρ ǂ¬> U pģǆ¬>TÅƕτ  ǂǆƃ   

K1,!K2 :!Ōķu´Ʀ�

Ǿȏǹȑ : H. Miyamoto and K. Watanabe,  
                                                   Int. J. Thermophys., 21, 1045 (2000).  
ǽǮȑ : H. Miyamoto and K. Watanabe,  
                                                   Int. J. Thermophys., 22, 459 (2001).  

Ōķu´ǆßuƕșƕǾȏǹȑȒǽǮȑǙ�ă�

ǾȏǹȑǂǽǮȑǇÖǆǑǆǙ�ăƷƼƨ 
ƦƦƦǾȏǹȑșƓCĜ@r�ÏȔȘī� 99.9%  
ƦƦƦǽǮȑșƓCĜ@r�ÏȔȘī� 99.8%  
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● : Experiment 
□ : Literatures 

Literatures : S. Bobbo, et al., J. Chem. Eng Data, 50, 1667 (2005). (1 MPa)  
                    E. C. Ihmels and E. W. Lemmon, Fluid Phase Equilib., 260, 36 (2007). (10 ~ 40 MPa)  

€ 

ρ =
MDME

−C ln B + P
B + Pvp

+ vvp

Tait equation 

B = 32.93 MPa,  
C = 1.473×104 m3 mol–1 

vƒ$Ǉµû$ǙĿmǅ1ý 
 
ÆðuǅƮƳǖ 
ƦƦƦƦƦǳȓǮǆ%.�Ǚēś�
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Vm
E =Vm − XVm

0(DME){ + 1− X( )Vm
0(EtOH)}

€ 

Vm = XMDME + 1− X( )MEtOH{ } ρ

DME+ǟǮǷȓȍĩǆŴ:Ȉȍ�ĝƕVm
E!

X!:!DMEǆȈȍ5ü,!Vm!:!ëOĩȕñéȖǆȈȍ�ĝ,!!
Vm

0!:!ī÷ŦǆȈȍ�ĝ!

Redlich-Kister equation* 

Vm
E = X 1− X( ) A+B 1− 2X( )+C 1− 2X( )2{ }

A, B, and C : fitting coefficients  

* O. Redlich and A. Kister,  
   Ind. and Eng. Chem.,40, 345 (1948).  
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ǟǮǷȓȍ5oǆ 
ǟǰȍcTǕǁǆ 
DMEȇǰȍcǂǆ 
ćÛ�č
�ă�

DME− 
ǟǮǷȓȍƂǆ 
ÛĭİO* 

* L. Evangelisti, et al., Chem. Phys. Chem. 12, 1916 (2011).  
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293.15 K, 1 ~ 40 MPa ǅƮƳǖǪȇǰȍǟȓǲȍȗǟǮǷȓȍ 
ĩǆz�ǙðuƷȘ�ĝ«>ǅ|ƹǖǪȇǰȍǟȓǲȍį � 
q�ǂ^;�q�ǅƿƫǀşǋƼƨ 
 
ëOĩǆz�Ǉ DME į ǆg<ǅ�ƾǀEşǅí�ƷȘ 
^;ǆg<ǅ�ƾǀg<ƹǖ(QǙĔƷƼƨǍƼȘëOĩǆ 
Ŵ:Ȉȍ�ĝǇ.į ǅîƾǀŤǆ$ǙĔƷƼƨ 
 
ǟǮǷȓȍ
ǆ DME ǆŶ5Ȉȍ�ĝǇ^;ǆg<ǅ�ƾǀ 
Eşǅí�ƷȘDME 
ǆǟǮǷȓȍǆŶ5Ȉȍ�ĝǇ 30 MPa 
�ŰǅÐkǙĔƷƼƨ^;ǆg<ǅ�ƾǀDME–ǟǮǷȓȍƂǆ 
ÛĭİOǆy�Ǉ�ƶƲǄǕȘǓǕ^ĶƶǗǒƹƫćÛ�č
� 
ăǆ=ËưkƱƲǄǖƴǂưĹƭǔǗǖƨ�
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ǆ5oǯǝǶȅǤǫǆŕ½�

Eč Debye a�
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ε0
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log10 ω( )
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ωmax
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τ d = 2π /ωmax
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ε∗ ω( ) = % ε ω( ) − j % % ε ω( )
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ω(
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ω(
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ȒDME!Ǚ
�ǂƷƼëOĩǆŜƍ÷�ǳȓǮǆdS�Ǉǌǂǚǃôƫƨ!
!
ƦƦDME!+!ÛëOĩƕș!J.!George!and!N.!V.!Sastry,!Fluid#Phase#Equilibria,!216,!307!(2004).!

0

20

40

60

80

0.0 0.2 0.4 0.6 0.8 1.0

Mole!fracLon!of!DME!

St
aL

c!
di
el
ec
tr
ic
!c
on

st
an
t!

298.2!K,!328.2!K!�^�ǅƮƳǖǣȉǹǩǮȑǫãǁǆŜƍüðu�

298.2!K!
DME!+!H2O!

L!+!L!

L!

G!

H.!Holldrff!and!K.!Knapp,!Fluid#Phase#Equilibria,!44,!195U209!(1988).!
p.!200,!Fig.!4!ǓǕ�ăƨ!!

293!K!

273!K!

323!K!
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ƩTä´ôƆkǅƮƳǖŜƍüεƣǇƦƦ
Lorentz-Lorenz�Ǚăƫǀ®Ģ�

○Tä´h@ãǅǓǖK}ǫȁǤǴȍðu!
○PūǾȏȓǽșiŶ~�ȒŀĳǅĉŽ!
ƦƦƦƦƦƦƦƦƦƦƕƕıĵ�ǅǛȍȅǶǙ�ă!
○Ì×ǅǇğÚȒȇǮǷȓȍȒǟǮǷȓȍǙ�ă!

ğÚ� MeOH EtOH 

 ε 1 33.5a) 25.3a) 

 ε∞ 1 1.50 1.91 

 τd / ps 0 55.7b) 173b) 

a)!W.!Dannhauser!and!J.!W.!Bahe.,!J.#Chem.#Phys.,!40,!3058!(1964).,!!
b)!Y.!Hiejima,!et#al.,!J.#Phys.:!Condens.#Ma9er,!13,!10307!(2001).!
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n2 −1
n2 + 2

⋅
M
ρ

=
4π
3
⋅ NA ⋅αP

€ 

ε∞ ≈ n
2

, 

Fig.!1U1.!!SchemaLc!drawing!of!the!
experimental!apparatus!for!dielectric!
properLes!measurement!

!NA!:!Avogadro!´Șρ!:!z�ȘM#:!5ożȘ!
Ʀn!:!�¥üȘƕαP!:!�ĝ5Ðü!
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ƥƠƕExperiment!!
ƥȘƤƕƠRef.![1]!!

293.2 K ǅƮƳǖ 
DME + ǟǮǷȓȍǆÚé�ŊǳȓǮ[1] 
ǙǑǂǅéčĳǓǕǑ 
Ī 0.5 MPa Ɠƫ^;ǁðuƨ 
ȕǟǮǷȓȍǇ�^ǁðuȖ 

XDME Pressure / MPa 

0 0.10 
0.198 0.67 ± 0.03 
0.399 0.75 ± 0.03 
0.596 0.85 ± 0.03 
0.780 0.92 ± 0.03�

1 1.03 ± 0.03� Fig.!1U2.!!Phase!diagram!and!experimental!
points!of!DMEUethanol!mixture!at!293.2!K!

[1]!G.!Dahlhof!and!A.!Pfennig,!J.#Chem.#Eng.#Data,!45,!887!(2000).!
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Fig. 1-3.  Phase diagram of DME +Ethanol mixtures at 303.2K�
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ε∗(ω) = ε∞ +
ε0 −ε∞
1+ jωτ d
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SingleUDebye!equaLon!

!ε*(ω)!:!ŎĭŜƍü,!!

€ 

j = −1

!ε∞!:!ƓTäǅƮƳǖŜƍü!

€ 

ε∞ = ε∞,DMEXDME +ε∞,EtOH 1− XDME( )

!ε0,!τd!ǙǼǜǱǲǜȑǥǹȋȇȓǮǂƷǀŕÊƹǖƨ!

ε∞,DME!ǂƕε∞,EtOH!:!LorentzULorenz!�ǅǓǖ®Ģ!

ŕÊĥ[!

vƒİËȕ293.2 KȖ�

ƙƖ�

ε 0
 

XDME�

DME+EtOH 
293.2 K 

τ d
 / 

10
–1

2  s
 �

XDME�

DME+EtOH 
293.2 K 

ħ�ü� EtOH ș 1.2 mPa s ȕ20 °CȖ[1]  
DME : 0.15 mPa s ȕ25 °CȖ[2]  

[1] Handbook of Physical Properties of Liquids and Gases 2nd Ed., 
      N. B. Vargaftik (Hemisphere Publishing Corp., 1983)ƦƦ 
[2] DME ǳȓǮƋȘĄÇ¼�ȒůÁ�ȕƓ^Ǣǫ"sD�, 2006Ȗ 
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 1)Dannhauser, et al., J. Chem. Phys., 40, 3058-3066 (1964).�
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ε∞!
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εE = ε −ε∞( ) − XDME εDME −ε∞,DME( ) + 1− XDME( ) εEtOH −ε∞,EtOH( ){ }
5oƂŷQǆǎǅďČƷƼŴ:ŜƍüƕεE

 = (ε – ε∞)EƦǙÜǐǖƨƕ  

ȕŴ:Ȉȍ�ĝȖVm
E = Vm – { XDMEVm,DME

0 + (1–XDME)Vm,EtOH
0} 

ëOǅǓǖŜƍüǆh@Ǚ�ĝ«>ǂØŬƹǖƨ�

Ŝƍ�(ñé) 
ǆ5Ð�

log10ω Ð�5o0ǆǝǠȑ5ÐȒ 
ƍo5ÐǅǓǖy��

Ð�5oƂǆ 
ŷQǅǓǖy��



Ŵ:Ŝƍüǂ�ĝ«>ǂǆØŬ�

ƙƙ�

XDME 
V m

E  
/ c

m
3  m

ol
–1

 

εE
!

Ŵ:ŜƍüƕεE  

Ȓ.į ǅǘƼƾǀƕεE < 0 
ȒXDME = 0.2 ~ 0.4 �ŰǅÐ�ǙǑƿƨ!!

Ŵ:Ȉȍ�ĝƕVm
E ǂǆØŬ�

ȒVm
E ǆDMEį �q� (Vm

E < 0) Ǉ 
ƦŴ:ŜƍüƕεE ǂu�ĊǅPÒǆ(Q 
ȒÐ�ǆ�ķưXDME = 0.5 �Űƨ  

ëOĩǆ5oŷQčƃǂñéÑŲǅƿƫǀĹ{�

!Vm
E < 0 : ëOĩǆƎŜƍüǇgkƹ

ǖǇƺƽưȘƕεE < 0 ǁƪǕűǆ(QǙĔ
Ʒǀƫǖƨ 
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g =
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M

⋅
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ε0 ε∞ + 2( )2
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g < 1
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geff =
9kBT

4πNA ⋅
ρDMEµDME

2

MDME
φDME +

ρEtOHµEtOH
2

MEtOH
(1−φDME )

' 

( 
) 

* 

+ 
, 

(ε0 −ε∞ )(2ε 0 +ε∞)
ε0(ε∞ + 2)2

Ä=ƕg-factor geff ǆ~-ƕșƕ 5ǙXǘƺī÷ŦǂPÒǅ 
ƦƦƦƦƦƦƦƦƦƦƦƦƦƦƦƦƦ 1ƿǆ g-factor ǁŋƹƴǂưǁƱǖǂ�uƦ 
ƦƦƦƦƦƦƦƦƦƦƦƦƦƦƦƦƦ(A. C. Kumbharkhane et al., J. Solution Chem., 22, 219 (1993).)  

€ 

g = 1+ Z cosθ

 µ : JÐoȈȓȇȑǴȘƕφ : �ĝ5üȘƕε0 : ĎğǆŜƍüȘkB : Boltzmann u´ 
NA : Avogadro ´Șρ : z�ȘM : 5oż 

DME + EtOHĩǆÄ= g-factor geff�

ƙƛ�

12�

0.0  

0.5  

1.0  

1.5  

2.0  

2.5  

3.0  

3.5  

0.0  0.2  0.4  0.6  0.8  1.0  

ge
ff [
)*)
]�

XDME[ - ]�

dmeUet30!
dmeUet40!
ĩ65!

: DME-Ethanol ĩ at 303.2 K 
: DME-Ethanol ĩƕat 313.2 K 
: DME-Ethanol ĩƕat 293.2 K*1 
 
 
 
�

geff�

DME�

EtOH�

ƀùǤȋǫǮȓ�

ŷQǅ|ƹǖï�=Ë�

Ȓ�ïǁǇDME5oǆ 

Ʀöų>ƕȚƕJÐoč
�ă 

ȒƓïǁǇDME5oǆ 

Ʀöų>ƕțƕJÐoč
�ă 

ǍƦǂƦǐ�

ƙƜ�

Ȓ	ĩǂǑǅƎŜƍüǂŜƍĴU¿ƂǇƧï�ƮǓǉƕ
DME ǆg<ǅ�ƫí�ƷƼƨ 
 
ȒDME ì<ǅ�Ƭ5oŷQǆ��ǇƧǛȍǧȓȍǆÛ
ĭİOǨǝǴǁƪǖǺǵȏǣǩcǆÛĭǂƕDME 
ǆŸ
ĭGoưÛĭİOƹǖƴǂǁǛȍǧȓȍǆƀùÑŲ�
 ǙƄwƷƼƼǐǁƪǖǂĹƭƼƨ 
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ǓǖŷQǆ=ËưkƱƲǄǖưƧï�ǆ�»ǅ�ƫƻǆ
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[1]Ott et al., J. Chem. Thermodynamics., 15, pp.267-278(1983). [2]Tsuji et al., Fluid Phase Equilibria, 257,  pp.183-189(2007).�
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[3]DOMALSKI and Hearing, J. Phys. Chem. Ref. Data, 25, pp.50-264(1996) 



ƚƛ�

čƃİË�

0 0.5 1

200

400

Mole!fracLon!of!ethanol!x1![U]�

Te
m
pe

ra
tu
re
!T
![K

]�

Ethanol!+!Caffeine�

This!work!�
exp.!�

SchroderUvan!Laar!eq.!�
calc.!�

liq.!�
liq.!+!cI!�

liq.!+!cII!�

EtOH(s)!+!cII!�

Fig.5ƕǟǮǷȓȍ(1)ȗǡǼǞǝȑ(2)ĩǆčƃİË� ƚƜ�

İŖ�

Ȓ�áó÷ŦǙRǏĩǙ|ţǂƷƼ]é�ŊðuŌķǆƕƕƕƕ 
  ƁĈǙňƫ, ȀȑǭȑȗǩǤȏǿǣǨȑĩǆðuǓǕ 
ƕƕǳȓǮǆ%.�ǇēƯǐǔǗƼƨ�

ȒǟǮǷȓȍȗǡǼǞǝȑĩǆ]é�Ŋƃ Ǉį ĥ[ư 
ƕƕǟǮǷȓȍȈȍ5üǁƕ0.4196 ~ 0.9881 ǁðuMĻǁƪƾƼƨ 

ȒǟǮǷȓȍȗǡǼǞǝȑĩǙ/ÀĩƯƿİÀčŪĚưŧƴǖǑ 
Ʀǆǂ�uƷ, čƃǅƕSchroder-van Laar �ǆh�a, åżǅƕ 
ƦRedlich-Kister �Ǚăƫ, vð$ǙĿƲ1ýƹǖƴǂưǁƱƼƨ 

ȒÆðuãǄǔǉǅčƃ¡ãǇÄ=ǁƪǕȘëÀȘNaClǄǃǆ!
ƦƍŕŦǙRǏëOñéȘƶǔǅ�áó@O÷ǊǆŵăǑ!
ƦÅ�ƶǗǖƨ�

ŢƦƦŮ�

ƚƝ�

ÆĒĞǇ� ƕ25 ��÷ŦȒǳǸǝǫƐb/PĒĞ 
ȕŞƑĆNƕ2013174Ȗǆ�ÿǂƷǀňǘǗƼǑǆǁƹƨ 
ƴǆeǙ#ǕǀŢ�ǙŋƷǍƹƨ 
 
ǍƼȘÆšòǆ0xǇ��ǆċÒǆƵª~ƵƏ³ǒ 
Ʈ;ìƭǅǓǖǑǆǁƹƨ�Ţǆ�ǙŋƷǍƹƨ 
 
ºė!�+āȒůÁ�+āȕºkāĂ�ȖȘ 
úĺt+āȒ�ŅY�+āȕÉAkrŨļąǬȑǮȓȖȘ 
Ô�C¾+āȒ2Ąkŭ+āȕÉAkj)ĒȖȘ�Ż×?+āȕP�ĕkþ�ȖȘ 
ØÝ�Ė�+āȕŽàkƇ�Ȗ 
 
kĐç�ÙȒġGž�ÙȒ�ŅUĥÙȒÔ�k�ÙȒėłêÙȕºkāĂ�Ȗ�


