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Table 1-1. The example of the transport phenomenon induced by potential gradient.
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T WAL i 2.1.12b
w=m Ty n(xﬁxj (2.1.120)
T PR B3R oD B 3L B PEHUEREL
_ L [8“1j __Le (a“lj (2.1.12¢)
sz oWy ), PVVz oW ),
[RIERIC LT b2 BW) B iR L
L,
D.=—F——— +h (2.1.12d)
T (L Wl)T( o )

EHOCTEAEYTL2HT, Y U—1R/E St BE T 7 7 ¥ —a, BULBUL kr & o 728,

TR & FHBAT T BT A —H %
D,

Sr=" (2.1.13a)
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o= D[T)T (2.1.13b)
kTEEﬁ%¥Eé (2.1.13¢)

ERODDLENTED, TIT, Mi & X IXZENENRST | OO TEEPELGETH
%, F-2112X 0621120 FEFTEHNTRLI)AZEZET &

J, =—pDVW, — pDw, (1-w, VT (2.1.14)
2%, (211380 L (2.1.14) R0 5 Y L— R,
g =1 VW (2.1.15)

D w(-w)VT
TERIND, RLYXUICBWTREAREPMEH L TWRWRTIE, H2HN0 72
D, 747 OB TRES, MR IL=0DEXFTw =020, M211DET
VKD DI —RRICHEHCT D, IREEAR T CIEE 1 &5 2 B LITHIRZE 2 B
V. (21BN TER LY L—RE St b 0 TEARVMEA RO, St BIEDHDRE,
Sy VITIRE AR ORIRM~, St AADEDRE, iy 1 ITIRE AR O iR ~HEH
L. M212DFETAOEIITREDRY BNELTI=0 L7225,

ey B g & W 1
D gy 5B o, o o & Pe 6’95;: @

Figure 2.1.1. Schematic structure of binary mixture at homogeneous state.

D O o y @ (R g (O

B P& o Y g gl

Ey e S an & S ot <% o)
- ez O W, Qe

55“3‘@&) ¢ o 0 8 N
&@7363@‘@@&@’
BB o0 9O

, © ;’9‘3‘ LY

Figure 2.1.2. Schematic structure of binary mixture under the temperature gradient.
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28 BRI

BAEDOHBHTZ XLV —NEEOFIEZE TEDL I T DN ST, 7R - A~
W20 E3N5, IREOHHRZRAX—NEEGETE D b REL R DGE. 2 I
NWTHET 2, IBRAEDHB T LT —fnix &R gD BIECCTHRIENAIIC 5 2 7o R 2 4
221Q@ITRT, HOEEAB N TENDATEDOE—F THILILN 2.2.1@) DA R IZ
BOWTHRBIENZ R —2FD, (RITHDBEEEZEZ L T2 ODWREd & g llipo
T 5L, ZOBROBHT RV —THP L QTHD, BV N 2HBEL T
Ve & VoIl o 7o 6 AT ORMRAD ALY SLo,

Ve +Vo =V (2.2.1)
Ve +Vodo =Vr (2.2.2)

LD, Ve BEON VoI HWTHEL &

w:ﬁiﬂv (2.2.3a)
Po — o
_ 9=t 3.3.3b
= o ( )
Eb, LoT, REKOEAGDHHZ R LF—IX,
fmix = kBT [VP fmix (¢P)+VQ fmix( Q)]
Po—¢ P—dv
=VkBT fmix B fmix 2.2.4
LjQ_qu (¢P)+¢Q_qu (¢Q)} (2.2.4)

L0 ZOfEIFM 22.1@)0 RICHY TS, AR RXLE—2K 221@)D XL 9 (T
T OBEBTHLGEIINT ZORRERVBE—MHO N LEELEAX D, —HT
BHZ R LF =2 2210)D L o5 2 TH A b 556, FERICP, Q. R, R°®
AEBMRAX 2210 L7l Y ORERICR2GA1H D  RBR LV /S22
D155, ZOEMEHT-TIOFHITF <p<gTHY ., ¢ & g 2 FH0HEL 2HED
KbL/NSWTZR VX —Z N LET D, ZDOREDOF KOG a R D 51T,

{amxlz{ﬁMXL+=fmu@+>*%u@_) (2.2.5)

op o9 ¢ —¢
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Thd, ZOFRENHEINDER, WEEBHOLFRT v v WILBEL 7244
THELLI D,

H TR —gnix [TREDORETHY . 005 1 ORREET, X 2.21@)D &
INTHIT FISHOREER & 72 DIRFECX 2.2.1(0) D £ 5 (2 EL D/ Ml 2 FF IR % Of
TROGANH D, O, ¢ L ¢k ¢T Wil BICHIW 7ol 2 e dhift & v o, X
222 FTHAFMBOBEAK TH D, 7 L —OfEEIE 2 FOBEL TLET 2 7BH TH
D AFHFRROTES Z R L VW FOREOEE T LR ¢ 2 T2 FIRE
ERERRE L VY, 1 222 O X DI B AE BRI IR ILAIRE (UCST)
B RIS S A7 R & R BRES SRR (LCST) L & 431 5 [4].

BRI BN T, Bk B ED R RS2 E VR RE, £iaik U TR
KBS LIRS, Bl EOHE TIREZIC L > TERARISEM T 25HE. RO

f mix( ¢) f mix( ¢)
2 b4 P
(a) (b) | |
R’ Q R
] i Q
P P,
R

Figure 2.2.1. Schematic images of the free energy as function of concentration.

e

Figure 2.2.2. Schematic image of the coexistence curve.
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PHRRREDSARLES R Y . H LWEERBRFFAIZES TR T 5, 2 ORI AH
Fa2AY ) —=Z gl vy lRRAEZORELITH D, HEBIZHE D FHRRIED
£ V1% Ising €7 /V[5-10]. Landau BEF&[4]. < ¥ Z ABF[11-15] & i ST &
o BFETNORITFEACCHOMANENZ 1 ZEOAD T —BEEXTHEEL
TS EX Ising BT /L, AV Z 2IRGEK NI RO~ Fris Lic XY 7 /V[4]
K> Heisenberg &7 /LAl E N EIVED LD, Landau BGG T, RO —HET
% L L L R OEEE L L, B AVF -2 L TnD, BRBE
WA DRI 72 55 X, F2 D T ORFZEM A 7 — VST L A B LN
TOLHETHD, M LTCREHNL~ 7 2 ITRIUTSTH 205, MERIZRD & 2
ARV A XD F THRESNTMEETH D720, ¢+ 6pL W I IRER O T2 FFo,
SPDERC 5S¢ e © HEH A 7 — /VITER S R T 53 TR E RANIHE - TN L
T, M 223 FAFMREOKMFES EDA A=V THY | X 224 1TRE F A
A% 2 WLk TR LUK TH 5, R A 77— VD38 < 72 2 TR E D
BBk L, AR SUBOR & HIN D, ZER AR 7 — A OYERITAHBE R OHIN %
EWR L. BRY 22 ERFUSEATT VEHBE R B IR RIS BT 2, 0 & 5 2R
BIND DAL TAT — /L S5 BIGITE SR b O R & FTHAEIL

-0

T-T,

oc
Q T

(2.2.6)

ThHZLND, T 2T, QIHEZEOYEE TOIIERITL L7 B SR D O BREET

& 5 IR S

T-T
TC

=¢ (2.2.7)

(xS 2 REFAIOFRE T, B LTINS, MBI ABR L e 2y
HEIIWEITAT LRUVMEZ BY | 577 B O S FRPE 2 RR AT 2 B B, 3k
TR OME 2 8D 5 B S a5, LLBAD B Y58 o, FHEAR OB ey, FRERMR
DEFFIEE ., RE DO IEE g, HEIER T ()BT 2R Y E p L < 7B &I
kL CTHEA 2R BERE T LV CRMIEA e ST\ 5, 3IRIC Ising E7 /L &L TEL
TIRO N DR FER 2R 221 1250, FLINLOEHIIESHORTF—U
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%25 R

7 I CBHRMEDE L TE Y . Rushbrooke D Ta+ 28+ y=2, Griffiths DZEAT
AL+ 06)=2— a Widom O Ty= B(5—- 1), Fisher DX Tp=2-nv. £L T
Josephson DEEAT 2—a=dv, &\ BELRMED L Y NED[4,16], 2 H Z WS H T,
FZ 221 ICHETORWVESEE THLHERE L L TERODOETANLELN D,

HAFAR BT D BRSHE RIS O\ T, FEAFE L IR0 D 2 SOREIC L - T
Ffr i binsg, 2B LA HOREZ ¢ L gL LIEmE, TR0 OPRIRE
T&H D gl

b= ’2L¢_ _Act 4+ (2.2.8)

THEOLND, AR T, WIFRO IS ORI . d XEREETH
%o Fio. HAFEMBOIEN Y A¢E 5 2 5T,

Ap=¢" —¢ =Bg’ (2.2.9)

Th b, BITRET, ATIAEMBOLS Y OBFIEHRTH 5.,

average concentration, ¢,

time

Figure 2.2.3. The concentration distribution near the critical point as a function of time
evolution. The concentration distribution increases with approaching to the critical point. The

reduced temperature become quarter according to move down.
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Figure 2.2.4. The concentration domain on the 2D lattice model. The concentration domain

increases with approaching to the critical point with changing temperature. The reduced

temperature become quarter accoding to move right.

Table 2.2.1. Critical exponents calculated by some theoretical models.

Model a y/j y v U o n
Mean field 0 0.5 1 0.5 1 3 0
2D-Ising 0 0.125 1.75 1 1 15 0.25
3D-Ising 0.11 0.3265 1.237 0.630 0.89 5.2 0.0556
3D-Heisenberg 0 133 070 1 0.075
Renormalization 0357 138 071 1.143
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EL1E XU DIC

VU —1R# St R OB E LR E Dr 2 HIE T HEEEILZ Z TR T % Beam
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0y _
0z

i, (2.1.14)X & (3.2.1)=Lk v,

2
a_vv_Dﬁ[é_w+sT(1_2W)a_vvﬂM+sTw(l W)Mﬁ}

ot d|e? oz oz oz e d

ow
< (3.2.1)

(3.2.2)
CRHRE NG, 22T WIENLE 2 IZB T 5y L ORE LT 5, z’=2/d, r=Dt/d?,
A=0(In p)/ozAT, p=StAT ZH W\ T, XEHHTH &,
ow _o*w
or o7
L7201 | deGroot |2 X o TR S V2 HUFIIEL D 2RI 3 2 5 C[13]. k7
FHRLAE IR

+[A+ p(- 2w)]% + Apc(l—w) (3.2.3)

=, KV, W exp[— (B2 + kzzzz)r - Pz’]

=W — = 3.2.4
W=w 27sz0(1 WO); (Bz +k27T2XP2 +k2722) ( )
E—H¥5H, ZIT,
B:%(A— pN) (3.2.5a)
P= %(A+ pN) (3.2.5b)
Vi =1-(-1)¢? (3.2.5¢)
W, = Bsin(kzz')+kzcos(kzz') (3.2.5d)

RV, F£72. 0< ' <1OFNEIZB T D w(l —w) I EIA AR O EE 2 FH VN 72 wo(l
—Wo) ENTEMNZ AL TL %, wl-wWIE 22 L T2 THLN, 1 IR THIER
2k <EElTE,

W(L— W) = Wo (1—wp )+ N(w—w) (3.2.6)

IZkoT, HEL., ZOEEONRTA—=2L LTN SEH L, wid,

2 1—exp(— pN) N
1 1(1_, -
W= 2wo[1+ 5 p(z z ﬂ . (N=0) (3.2.7b)

THY ., B.24)ROBFNIEHRICINFT T D720k 22 DKL,
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w=w 2% (1, Ji+exp(P)[Bsin(mz')+ cos(z exp(- P{p(lﬂ

VA T
(3.2.8)

EHEOND, REES T,
L4 (3.2.9)

- 7°D
ThHO, BB TEHEA AT A—=#F, V=2, W, =rzcos(mz'), exp(-Pz')=1%
723, (328)XDiElEHW=HA, WEBES X ET &,

W*zw%#+pa—mm{%—zj} (3.2.10)
b, £oT,
1 ) _4p : t
W= W{1+ p(L—w, )(E .y )——2(1—w0 )eos(nz )exp(— —ﬂ (3.2.11)
T T
PEOND, FFONTIRE w ZEHBT710 TR HuX, REAR
@,:—pwo(l—wo{l—isin(ﬁz’)exp(—iﬂ (3.2.12)
oz V4 T
WL, =128 2 REARIE. (LYRNBLWZ' =2/d, p=S;AT ZH\ T,
2
VW:—SM“LN%WTP—iemQ/;Pq} (3.2.13)
T
PROND,

HIZ, ZORITK LAEF NS L—F— a2 BT 5, BE, BREN—ERTH D
e, L= —IREE T 223 IRERIREICARDN H 25513, BT R OMRERF
‘F%(an/aT)w,p\ ETE$®/%TE{Z§T?%(GW6’W)W X - T, V~ﬁ~%7ﬁ)@ﬂﬁ‘50 Bl ‘6\

dn :(@j dT +(@} dw (3.2.14)
OT Jup oW ),
ThY, H—REAR, REARITH LTI,
An= (@] AT +(@] AW (3.2.15)
OT Jwp o
vn :(@j VT +(@J Vw (3.2.16)
OT Jup oW ),

DRV SEo, (3.1.13)(3.1.16) K L v
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8n 6n 4 7°D
vn= VT = S;w,(1-w, VT|1-—exp| — t 2.17

b, L= —HoOFEENEE L LT, MBRORETENDS LB /EE DSz
BUF5 L —YF—RDOZENIX

z4u¢K%j Sw@.w{mj{biw%‘ﬁDﬂ} (3.2.18)
T )y, ow)| "z d?

LROND, L= IOEMARET HFIC L0 | TR EEAFE@ T )wp &
Y L—RES, & ZERLORMZL AL) 2 BIE T 5 FCHEURED &, Zhenke
BHENTE D,

322 EBEEE

32112 TN NOEEZ R T IREARZEH ST TV DJEART 15
mm T, BEARSFHOZBMITASA v X LEES 2mm OFIREHviz, L—3—
HDOEBIIY TNV ORBEEIZHBIT 5720, o7 ichd bt TERE 20 mm,
40mm, 60mm @ 3 FEEZ HW\ -, X321 13 KKE 40mm OBETHLH, oL
DIFITE S F N —RIBEARDER S ND L5, BRODENEHETE H+550
R ED, ZOV TN AT L THREFE T T TIRE AR
2545, 322 IR AT LD ZRd, Byss LT, 90x90x20'mm
DRz AT, o7 0o B, T OIREE 2 HE T 2 FIXNEE R0 T, Byro
VIR AZIEVIN S 3 mm OO 2 HIE LTy LR O & ARE
L7z B9 OmEs - imENZI T~V = FE1-(SCNT, UT7070-AL) & 7o, ~LTF =R
F-OBFHENITE LV AT AR D~V F = 2k r—F —(TDC-2020G) % V>
T 1 mK OEETIREREZIT> TN D, ~F =R FOEH LARWEITHED %
(ARSI S R ER ACTEIRAE CIRAR L T\ 2,
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Figure 3.2.1. Structure of sample cell. Thickness d is 1.5 mm and laser pass is 20, 40, or 60

mm.
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Figure 3.2.2. Structure of thermostat system.
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TRINLEY, T NEALDES dO 2 FIZHAEILTET D, EE L.5mm D
AW EGE, 2 FEEE OESF THEFIRIEICE S £ T2 10 FFEUT < 2370
D, RV ~—ORETIIHEABESLTIZD, WITENELVEED PBREREICK
IEEBLTL D, BN TRLIELIICESHMOL ! <1o#EAT 1 kAUz L -
TIEUITE DIEEARNERIND O, VO ETHICL—F =2 Y7570 &
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Figure 3.2.3. Schematic drawing of Beam Bending set up (over view).
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o5 3HT YL GRE L U — LA

331 JH
R 7T 7 4y 7 AT L D BT ESREE O RER 22 M oA 1
[(et)=1lo+1,(tR™ (3.3.1)
L%, ZoOLE AT gl
q =4—”sin[§j (3.3.2)
A 2
THY ., o TFHOEPRE TH D, 22 & IRE DR FZA(LIL,
oT(xT)_ . 0
& ~Dno3 T(x,t)+s(xt) (3.3.3)
s(x,t)=—2—1(x,t)=s, +s, ()" (3.34)

p

EREIND, TDE X DnlTEBIEEL o ITHERIUREL, cplT—EDJEIT T TOEHRD
BT H 5, (3.3.3)Ri,

T(xt)=T, +T,(t)e™ (3.3.5)
T, =] dst)e ™ (3.3.6)
LRSHENTED, ZOLE TolI T T NVDFERRETH Y |
1
= 3.3.7
o D,,a° ( )

Thb, IEBHFRENITT7 4 v 7 0% 21EAlIC K - T,

oc(x,t) . o7 ~ ot
~ ~DPoo w(x,t)+ Drw(x,t L W(X’t)]axz T(x,t) (3.3.8)

LREBT2ENTE S, Wi L-wixt)|=wol-wp) DiEElE VS & (3.3.7)RE

w(x,t)=Wo + W ()™ (3.3.9)

t—t’

W, (t) = —q° Drwo (1w )fgt”l'q t)e ™ (3.3.10)
CIRSFENTE D, JBITROIRLE & R ERTFIE D 2R /3401

n(x,t)=n, +n, (t)e'™ (3.3.11)
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m@:(@jwnap{@gﬂwq (33.12)

aW i
LREND, 7T v ZEETOMAREIC L o TRIFTEIRE 2 B0 AL B2 &
Crarlt =—j dt'G(t—t')T, (t') (3.3.13)

LERAHERTE D, = o CHIBRAMEKG(H) I

G(t)= 5@)—%@ Wo(l—Wo)e_% t20

0 t<0

(3.3.14)

THY ST =1,8, Th Do Woll—Wo)xWo =D, Wp ZJH1 5 &(3.3.9), (3.3.10):04%

Wi (X, ) = Wo . + W (™ (3.3.15)

-t

Wey (t) = -0 DTKWOKj dtT,(t')e (3.3.16)

Lied, 22T, )1

ghet() 1- ei;_ A [T{l—eTJ—Tﬂ{l—eT‘“}] (3.3.17)
T—Ty

TERIFENTE, ATEI=ROBEE LT,
_ (en/ow),;

Th o, #>7T, TDFRS DHIETHHN DT 7T )2 5(3.3.17), (3.3.18): LV,
an
Crarlt)=1 ((a ?a_l_;“ S,w, (1 Wl)(l e d Dt) (3.3.19)

(CE > THRIT S 2 FICL - T, Y U—fRE S, JEHURE D ZIRETE %,

332 FEHILE
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RINAE ML ST 2 LEHFAL—F—D— 50z 2z 53 HT, B ESh
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Figure 3.3.1. Schematic drawing of TDFRS set up (over view).
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Figure 3.3.2. Structure of sample cell for TDFRS.
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Photo diode
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Beam splitter

cell

Piezo mirror

Figure 3.4.1. Schematic drawing of Michelson interferometer to measure on/ow.
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Figure 3.4.2. Schematic drawing of interferometer to measure on/oT.
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Figure 3.5.1. Schematic drawing of differential refractometer.
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Figure 4.1.1. Chemical structure of penta-ethylene glycol mono n-dodecyl ether (C12Es).
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Figure 4.1.2. Phase diagram of aqueous solutions of C12Es and C12Es.
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Figure 4.3.1. Time evolution of temperature and displacement of laser spot. Left is ON part

and right is OFF part of Beam Bending signal. Insets are laser displacement for log scale.
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Elapsed Time / hour

Figure 4.3.2. Original data of beam deflection measurement as a function of temperature
gradient. Numbers in caption are added temperature difference and ON/OFF are the part of

Beam Bending measurement.
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Figure 4.3.3. The example of curve fit for beam deflection signal.

432 EEFE, RE. EEERANE

434 2R SN DIREZEEEH S ERIREZOBRZRT, (21151555
D EIIT, AW/ Wy Weur, =—STAT & 720 | X 434 DIHE D Y L—1REDRO B
%o TEREEZERRPHIC I\ IR EE 78 & IR 72 0 NI RS % 18 2 E AR BAMR 23 A Y 52
STWAHTD, YV U REIIER S 2IREEIITEFE L 20 FERD2 DL, OL A
FRICEBR T 5 & CuEs JREENIEINT 212 > T Z TR MNIT R > TV ENS
VU RBUTIR KA L AL L TW D HER DD D, X 4.3.5 |2 CroEs KIEIR THI
TSN Y U—RE, IEBUREL, B BEIL BRI ORI E R, OO T my b
I3 Beam Bending {5 TR LNZAER, X O 7 m v MIFMEE, @IXEHCHELE TR
LIIZETH D, VY L—REITIREOBM & LA L, 0 1ZiEfVTngd, YV L—
B DORRERFEZ 2 OB TT 4 v 7 4 7 LIEHIRAZX 436 £ 43712
AT KB L BB DO L H 5 THIFFIC LSBT 2 FNTETEHY (K435
DIMFILZN D DFEEIME L oo TN D, =T — — L2 D OIEHE(F TR D T
W2, X 4.3.5 OILEFREL D XL BGELIE T D Lo W BR I OfE R & L < —
BLC\5, BWEILERE Dr 12 —1%3% St & RBRICIREE o N & 2B
M D, R FIREGRICEB W TRRERTY L —RESCEWM B ILBIR R ORI E %

38



o4 B FUETETEAR K

T2 LWVWTNDLDORE THEIELZEZ LA SH[4], 20k, KREEICK
WTY L —RE - BB IEHUREIEIZ 0 1T K BLRITEARTH 5, 437D LD
(R EBIE M L7256 Y VBT E ICIEOM A D 720 i EEAN oo I E #
PHA IR BEI SRR V) SL72 7,

0.24

0.18 &,
. 012 . lwt%pfO-EgaISOC
=" 0.06f Y
g ............ S
z 00—
= —0.06} "
= CZEG at 25 °C

< _O. 12F 90wt% of C,E,at30°C 2.0.V\'/t0 ~

~0.18} SN
5wi% of C E at25°C "~
—0.24L - A N
4 2 0 2 4
AT/°C

Figure 4.3.4. The developed concentration gradient as a function of temperature gradient for
various systems. Circles are aqueous solutions of Ci2Es as a function of concentration
measured at 25 °C. Triangles are aqueous solutions of C12Es for 1 and 90 wt% measured at 25

°C (A) and 30 °C (A).
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Figure 4.3.5. St, D, and Dr as a function of the weight fraction of C12Es measured at 25 °C.

Black filled circle is the mutual diffusion coefficient measured by dynamic light scattering.
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Figure 4.3.6. The developed concentration difference as a function of the weight fraction of

C12Es for various temperature differences measured at 25 °C.
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Figure 4.3.7. The developed concentration difference as a function of the weight fraction of

C12Es for various temperature differences measured at 25 °C.
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Figure 4.3.8. Soret, St, mutual diffusion, D, and thermal diffusion, D, coefficients as a

function of temperature for 90 wt% C12Es in water.
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Figure 4.3.9. Soret, St, mutual diffusion, D, and thermal diffusion, Dr, coefficisnts as a
function of the weight fraction of C12Es Circles are measured by myself. Crosses and stars are
referred from Ning et al. [1,2]. Open circles are measured at 25 °C and filled circles are

measured at 30 °C.
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Figure 4.3.10. Beam deflection signal for micellar and micellar/hexagonal phase for 45 wt%

C12Es in water at 23.5 °C.
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[2-4], EWVVIBEESE CHIE SN TS Y L—1RZ 5T, BE EFICHE->TENSA~D
B s & WA DA — KA TH Y | ZD AT = X LI L NTILZR > TW72RUY,
INFETICHARRD U XNV E—IZEH LIRS KD 7 I vy 7 b & DOBRE
EB LTI D DN[5,6]. ETDOY v T ITHEIG SN DR TIEAR L . RIEFZBEZIC

TR NERR R A AT D A D = X KT L NS> TOZRL,

AR TIE, =F Lo 7Y a—LKERTY — RO R R % HiH> < FFM
L. BT 1l 2, 3fidT vz — i O TREMICIEE OIS L2 LAz 5 F
TIREZAGIZHED Y VAR DO 5 SHEBIR D A ) = X MR 2D %

o528 FEEBRITIE

WEE L CHWEREHI=F L 27U 23— /L(EG, > 99.5%, Wako Chemical), ¥ =
L7 U 32— (2EG, > 99%, Wako Chemical), VU =F L > 7 U 22—/ L(3EG, > 99%,
TCl), 7 h7x=F L7 U 33—/ (4EG, > 95%, Wako Chemical), <> Z=F L 7V
=—/L(5EG, > 90%, Wako Chemical), ~FH#=x=F L >/ U 2—/L(6EG, > 97%, Wako
Chemical), RV =F L > 7Y 22—/ (13EG, Wako Chemical), 1,4-2 744 - (>99.5%,
Wako Chemical), 12-crown-4 (>95%, TCI), 15-crown-5 (>97%, TCI), 18-crown-6 (>98%,
TCI)., 7'V trm—1(>99%), *# /—/L(>99.8%, Wako Chemical) TH 5, AEIZIT
BT LA A B 2 i U 7otk 2 o, BRI ORIEIL EG. 2EG,
3EG. 4EG. 5EG. 6EG., YA F YV /I v o—7 /L 3HH, kO7 Y rn—1
VT, 2T LOWSDAHEAERICB W T To 72, JIEIREHFHIL 13 ~ 65°C TfT
ST, BERGEEOREIX EG, 2EG, 13EG, A ¥ /—/b, 7 JEku—L%& AT,
2T 25°CIZRNTTo7z, MIEMREHPAIL EG D7 0.1 ~ 95 W% D& T, 4Ll
ZF 10 ~ 90 W% D #HIPH TI1T - 72, MIEIZIZ TDFRS 52 VW Tk, &2ToH 7
Lz e & LC Basantol Yellow % 0.13 wt%ifshi L T\ %, JIEICFEM Lzt 7
Doy FEBFORAKRIGEHRZFE52LICE L DT,
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Table 5.2.1. Details of investigated samples. M is the molecular weight, Nacc. is the number of

ether group, Ndon. is the number of hydroxyl group, and x1.0 is the mole fraction at 1.0 wt%

solution.

Sample (short name) M /g mol? Nace. Ndon. X1.0
Ethylene glycol (EG) 62 0 2 0.00292
Diethylene glycol (2EG) 106 1 2 0.00171
Triethylene glycol (3EG) 150 2 2 0.00121
Tetraethylene glycol (4EG) 194 3 2 0.00094
Pentaethylene glycol (5EG) 238 4 2 0.00076
Hexaethylene glycol (6EG) 282 5 2 0.00064
Polyethylene glycol (13EG) 600 12 2 0.00030
Dioxane 88 2 0 0.00206
12-crown-4 ether 176 4 0 0.00103
15-crown-5 ether 220 5 0 0.00083
18-crown-6 ether 264 6 0 0.00069
Glycerol 90 0 3 0.00202
Methanol 32 0 1 0.00565
Ethanol *1 46 0 1 0.00394
1-propanol *2 60 0 1 0.00302
2-propanol *3 60 0 1 0.00302

*1 Referred from the reference [2]
*2 Referred from the reference [3]

*3 Referred from the reference [4]
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TOHNES B30 239 7 VNICIRE AR ER S NVAHEETH Y | Et+um OFE
FIRFH CIRE BB SN D, £ DK%, Fms 7> HECE ms ORF I = AR TE
RO > 7 VBB ST, RIBIEECTIEORIZELRZ=®, Y L —{REuIeT
EOMETH S, HWIEIZITY V—1R5721 T2 < JRITR DR ERIF M L R
#hH LT 20T, Filata JHW TR TR O AR ] 0T)pw & IR EEARAFE
(On/ow)pt ZRIE L TV D,

5.3.2 IRERIENE & oy B
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Figure 5.3.1. Chemical structures of investigated samples. (a) ethylene glycol, (b) diethylene
glycol, (c) triethylene glycol, (d) tetraethylene glycol, (e) pentaethylene glycol, (f)
hexaethylene glycol, (g) dioxane, (h) 12-crown-4 ether, (i) 15-crown-5 ether, (j) 18-crown-6

ether, (k) and glycerol.
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BRYOToy bRz F L7 ) a—EH TOHKEDOT vy bi37 70—
TN, k0T ey "RV Er— L THD, WELEZETOY TV ERETIE
DY L—REBNER SN, BEERFEOEEZ I F L a -t S ) ke —
JVTIE, 2SO TV TIFADHEEZ R LT, ZHE TICHE SN TN D, Fkx
IR D Y R DOIREERAFEIX E N HIREICTH L THE ERY THY, 775
v v — T VET R LA DI OM = &3 BN R 722 5[7], X 5.3.4 1X[F
U 71T 2 BB IEBURE & IEBUR B DIR R AT 5, B EIRHUR
He & YRR BT LIRS OB 3 U CHIME AN S 0 | IEBERE T v v
RIFT 5 R RAERITF DN R0 oTe, Y b—RE L BB IR BAR BT 7 Z
Uy —T UNHEIIRE REE R L, 2V Er—Angb/ NS REE R L, Y
L — % & B BRI T A CIEARICIR B KT 5 & LT

ST(T)Z STO + ST]_T (5.3.1)
DT (T): DTO + DT]_T (532)
D(T)=D, + D, T (5.3.3)

ORAFRAZE MW TR/NERIEZHWTI—7 7 4 v F&{To72, 22T, Sto. Smi.
Dro. DriidZh i, ¥ U—1R¥, BWIEILBEREOEHHE, REERFHORET
0%, #5310V L—REk, JEEREL AWV EILBREOIREIRFED 7 4 v T «
VI TERONINRNT A= EE DD,
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Figure 5.3.2. The temperature dependence of TDFRS signal for 1.0 wt% aqueous solutions of

15-crown-5 ether.
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Figure 5.3.3. The Soret coefficient, St, as a function of temperature for EGs (EG (m), 2EG
(@), 3EG (4), 4EG (¥), 5EG (@), and 6EG(«)), crown ethers (dioxane (O), 12-crown-4 (V),

15-crown-5 (<), and 18-crown-6 (1)), and glycerol (). Lines are drawn by linear regressions.
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Figure 5.3.4. Thermal diffusion, Dt and mutual diffusion, D, coefficients as a function of
temperature for EGs (EG (m), 2EG (@), 3EG (A), 4EG (), 5EG (), and 6EG(«)), crown
ethers (dioxane (O), 12-crown-4 (V/), 15-crown-5 (<), and 18-crown-6 (<)), and glycerol ().

Lines are drawn by linear regressions.

53512 S0 & S DO FEEKFMEEZ R LI, =F Lo a— e rIyrx
— 7 /L THRIT Sro (37 FEOHEIN & TEMRENTIML TV D, 2@ UoFE&TH
BT DHESDOREVAING T Z T ym—FT VA, =2 F L7 a—nEH 7 knr
—VOIETHE LIz, JIE LTenFEHMEITROVO TEMR TRRIBTE TWD, M
7T 7 ThH

Sto=aM” (5.3.4)
THADNDEMTT 4 v T 4 7T HHENTE T, ZOBROELVI=F L 7Y
a—/VHTv=052, 77U =—7 /L Trv=065 B oNl, =FL o7 a—
LTIEINETICHE ) ~—nbR U ~—F TRV BT Y L —RENNHIE
SN THY[1]. Flory-Huggins OHEGGH 5 2 B0 EEH Ty = 05, BIREA T
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Table 5.3.1. Obtained Srto, St1, Do, and D1 defined in equations (5.3.1) and (5.3.2) for

ethylene glycols, crown ethers, and glycerol.

Sample Sto St Do D11
102K* 10° K2 102 m?%siKt 10 BmZs1K2

Ethylene glycol 0.44 +0.04 11+11 1.7+0.7 0.76 £0.20
Diethylene glycol 0.75+0.02 -2.6+05 28+0.6 0.79+0.16
Triethylene glycol 0.94 £ 0.06 -3.0+1.6 3.1+09 1.18 +0.23
Tetraethylene glycol 1.01 +0.06 -1.3+1.6 26+05 1.44 +0.12
Pentaethylene glycol 1.25+0.05 -54+1.2 24+1.2 1.35+0.28
Hexaethylene glycol 1.36 + 0.06 -52+14 35+0.3 1.30 + 0.06
Dioxane 0.96 £ 0.02 -34+05 48+0.3 1.23+£0.09
12-crown-4 ether 1.32 £0.09 —-40+22 55+18 1.39+0.44
15-crown-5 ether 1.55+0.03 -54+0.38 5.1+0.7 1.68 £0.18
18-crown-6 ether 1.74£0.12 -6.0+26 5.3+24 1.74 £ 0.55
Glycerol 0.41+0.02 3.9+£05 1.4+0.3 0.93+0.09

v=0.6 DREFATHEHILTNS[BI], Stildsy T ROBIN & 3t
SAENHFFREREE Z L TW5D, BWE IR E & IR E T b [FIER IS
D ERIH &R ERAFEH OISR 75+
537 ThH 5, DpldmrE0HE It

MU7z, LU, IEBUREDOFRENKRE LS, £ D
o7 EARAFYE
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(CRADEFNCH Y . IED
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Bl LT ey LRSI 536 &K

W2 U, Dro & Drldsy 208N & 21
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Ju =3 %El
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FOELBIIPFEHEIZHNATEBY, 779 02— VA TRD KERME4L
TF LY a—)EH, ) Ea— L EWnWIEE T/ 2o TN,

DA EIERAREIC BT L E
Do (W v 7 Uk
KL, RNT

Z OfEIANIE

VI RETRLNTEZH DL I<HELTWE, o 7P IUEIFEOEE TS BT
ML LR, =T —"\—%ZE T, Droldm
FHLTE D, Doy =K FNE
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Figure 5.3.5. Sto and St1 defined as St(T) = Sto + St1T as a function of molecular weight for

ethylene glycols (@), crown ethers (A), and glycerol ().
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Figure 5.3.6. Do and D defined as D(T) = Do + D1T as a function of molecular weight for

ethylene glycols (@), crown ethers (A), and glycerol ().
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Figure 5.3.7. Dto and D1 defined as Dt(T) = Do + DT as a function of molecular weight

for ethylene glycols (@), crown ethers (A), and glycerol ().
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Figure 5.3.8. Sto defined as St(T) = Sto + St1T as a function of residues of inertia for ethylene

glycols (@), crown ethers (A), and glycerol ().
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Figure 5.3.9. St— St~ and St1 defined in equations (5.3.5) and (5.3.1) as a function of StH& for

EGs (@), crown ether (A), and glycerol ().
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Figure 5.3.10. Dt — D1" and Dr1 defined in equations (5.3.6) and (5.3.2) as a function of D7"8

for ethylene glycols (@), crown ether (), and glycerol ().
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P =157x1073 /K™ (5.3.7a)
0. =—0.47x107° /K™ (5.3.7b)
p, =0.48x107 /m*s*K™ (5.3.7¢)
0, =—1.10x10 % /m?s 'K (5.3.7d)
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Figure 5.3.11. St— St’ and St1 defined in equations (5.3.8) and (5.3.1) as a function of Nacc. —

Ndon. for ethylene glycols (@), crown ether (A), and glycerol ().
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Figure 5.3.12. Dt — D7’ and D1 defined in equations (5.3.9) and (5.3.2) as a function of Nacc.

— Ndon. for ethylene glycols (@), crown ether (A), and glycerol ().
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Figure 5.3.13. The Soret coefficient, St, as a function of temperature for ethylene glycols

(filled symbols), crown ethers (open symbols), and glycerol (). Lines are drawn by linear

regressions.
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Figure 5.3.14. Thermal diffusion, Dr, and mutual diffusion, D, coefficients as a function of
temperature for ethylene glycols (filled symbols), crown ethers (open symbols), and glycerol

().
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Figure 5.3.15. TDFRS signal for aqueous solutions of EG for various concentration measured

at 25 °C.
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Figure 5.3.16. The Soret coefficient, St, as a function of weight fraction of EG for aqueous

solution of EG measured at 25 °C.
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Figure 5.3.17. The developed concentration gradient, Stw(1 — w), as a function of weight

fraction of EG for aqueous solution of EG measured at 25 °C.
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Figure 5.3.18. The molar sign change concentration, x*, as a function of H'®s / H'®,, for

various aqueous solutions measured at 22.5 — 45.0 °C.
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Figure 5.3.19. The density and the density difference as a function of weight fraction of EG

for aqueous solution of EG at 25 °C.
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Figure 5.3.20. The Soret coefficient, St, as functions of weight fraction, w, and mole fraction,

x, of solute for aqueous solutions of monoalcohols, EGs, and glycerol measured at 25 °C.
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Figure 5.3.21. Sign change concentrations, w* and x* as a function of the number of carbon

atoms, Nc for various aqueous solutions.

wi=2 4 a (5.3.16)
NC

xt = i p, (5.3.17)
NC

EWV D BRI DR TRUIR T 2 HF N TE o, o, BENDRLEENLGROMFIC
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Figure 5.3.22. The molar sign change concentration, x*, as a function of the ratio of the

numbers of OH bonds and carbon atoms, Non / Nc, for various aqueous solutions.
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Figure 5.3.23. The sign change concentration, w*, as a function of the partition coefficient,

log p, for various aqueous solutions.
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Figure 5.3.24. Soret, St, mutual diffusion, D, and thermal diffusion, D, coefficients as a

function of weight fraction of ethylene glycol.
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Figure 5.3.25. Soret, St, mutual diffusion, D, and thermal diffusion, D, coefficients as a

function of mole fraction of ethylene glycol.

73



Table 5.3.2. Soret, St, mutual diffusion, D, thermal diffusion, D, coefficisnts, and their

standard deviations as functions of concentration for aqueous solution of ethylene glycol.

Concentration St Ststdev. D D st.dev. Dr Dr st.dev.
W X 103Kt 10°m%? 102 m%s1K1
0.00097 0.00028 35.0 0.8 0.50 0.05 18 2
0.0030 0.00087 12.8 0.4 0.64 0.06 8.1 0.9
0.0050 0.0015 9.0 0.3 0.64 0.05 5.7 0.5
0.0100 0.0029 6.9 0.2 0.65 0.04 4.5 0.3
0.0148 0.0043 5.2 0.2 0.7 0.1 4.1 0.7
0.0200 0.0059 4.73 0.08 0.97 0.04 4.6 0.2
0.0499 0.0150 4.09 0.06 0.98 0.02 4.0 0.1
0.0749 0.0230 3.80 0.03 1.04 0.02 3.97 0.09
0.0998 0.0312 3.61 0.01 1.00 0.01 3.62 0.04
0.2000 0.0676 2.82 0.03 0.98 0.02 2.77 0.02
0.3175 0.1190 1.940 0.006 0.794 0.008 1.54 0.02
0.3993 0.1618 1.39 0.04 0.71 0.04 0.98 0.09
0.4964 0.2225 0.854 0.004 0.533 0.003 0.455 0.004
0.6000 0.3034 0.33 0.02 0.30 0.03 0.10 0.02
0.7015 0.4055 -0.04 0.06 1.8 1.5 -01 0.2
0.7982 0.5346 -0.54 0.03 0.66 0.03 -0.36 0.03
0.9001 0.7235 -1.05 0.04 0.43 0.04 -0.44 0.03
0.9504 0.8476 -1.31 0.04 0.42 0.05 -0.55 0.05

5.3.6  ZFE/VHIAIK TOLE
TR IR e NN 5 & B~ h 2 i 2 0 F Ok R &
RADHFNTE, BWEITHIIET 2% < OFEBRIIMHHERE TITOh TN 5, €0

74



Sofe

w5 T LS Y a— LKA

St OYLHARBUI B CIEBR B E | O FRTE D, — T — RV vk VL —
RITRE AR TH L7720, WE L ELFEIRADLEL DD, TN
INTTREZR DS T FEh IR E T DA, KT RTO R TH 55 /L EIRIFIC
BT O & i 2 7= iR 23 6D 5 TU 5 [14], Hartmann B O/FZE T, 10 F
FHDO ARSI 2 AW L IR C Y U — R E 5 T E M hEd 5 B
BZROTWD, AR TS, REERFENOFENLICET 5 Y L — % B
bV IVRANTY v LTz, TORENEK B33 THDH, =F L7 U a—n kN1,
3D T v 3 — VKA T4 TEVER T 0.5 Rl Y L — RO 5 R % Ff
DT FHERVIZB W TTRAD Y L=z Ffo, RIS, WHS N RE AR O 5
IR~ L. AKRNRE AR ORIRBI AT L T D FLERL TVD, ZORR
X, KOy AT L ERIZ B TEREARY (thermophobic) TH 5 LW\ 9 FHE EWKT 5,
Hartmann & D57 HIX I RAAIZRHIE 7> & BLEWE (thermophilic) & BREWE & T 7E
LTW5, MIE SN TWDERBEEEDOR ENADOHERE D, BB R IEE %2R
FTOIZK LT, KIZHOHEEZFF > T 5, A UIEE L EEOMAENH L5017 T
X720 DT, ARMFFE L Hartmann & O AR 2 [EAZRVIC I LT 5 FL TE R0 A8, ME
— 7 P OTETIIABERICH L THARICH LTS Y L—REDRES TR |
ZFORERNP BT D L, KO T 3 — AR THEE &9 RIS D |
KOEEES 0 ki/mol 2MENTADIE L 720 | BERY 2 MEE 2 RO ATREME AN RIR X
N5, BIG | AKICTER T2 E RN T & LTV DIK AR BT BB & 72 0 |
AOY L5 zEs 9 DAt mn, EER ROz ey L— R DIR
BRI DR CIXEE S FRAD Y L —REE R OR RN RBIR N < i &
nNTW5,
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Table 5.3.3. Sign change concentrations, w* and x*, and the Soret coefficient, St, at equimolar

aqueous solutions.

Solute sign change concentration St for equimolar solution
w* Xt

Methanol 0.40 0.27 -0.38

Ethanol 0.29 0.14 -0.4

1-Propanol 0.22 0.08

2-Propanol 0.26 0.09 -0.35

Ethylene glycol 0.65 0.39 —-0.03

Diethylene glycol 0.47 0.13 -0.38

Polyethylene glycol 0.02

Glycerol 0.68 0.29 -0.13
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Figure 6.1.1. The chemical structure of investigated samples. (a) glucose, (b) maltotriose, ()

y-cyclodextrin, (d) dextran, and (e) pullulan.

Table 6.1.1. Molecular weights (M, Mw), Number of glucose unit (Ngu), link, and structure.

Sample M, Mw Nguw  Link Structure
g/mol
Glucose 180 1
Maltotriose 504 3 a(l1-4)
Maltohexaose 991 6 a(l-4)
a-cyclodextrin 973 6 a(l-4) cyclic
B-cyclodextrin 1135 7 a(l-4) cyclic
y-cyclodextrin 1297 8 a(l1-4) cyclic
Methyl B-cyclodextrin 1303 7 a(l-4) cyclic
Dextran 6k 6000 37  o(l1-6) blanch at o.(1-3) and a.(1-4)
Dextran 40k 40000 240  o(1-6) blanch at o(1-3) and o(1-4)
Dextran 87k 87000 530 o(1-6) blanch at o(1-3) and o(1-4)
Pullulan 4k 4000 24 o(1-6) of maltotriose
Pullulan 440k 440000 2700  «(1-6) of maltotriose
Pullulan 800k 800000 4900  «(1-6) of maltotriose
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0
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1
THIPITW D, S17& Do ldENZi, @i - ARIRMRICF 1T 5 St & Dy OUHAE,
Tinv ITIREZACICE S S MR 2B Z IR, To & ToIXENF St & Dy DIRJER
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5= S 2 Mo{ e T oolsT) 039
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Figure 6.3.1. Soret, St and thermal diffusion, Dr, coefficients as a function of temperature for

aqueous solutions of saccharides.
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Figure 6.3.2. The normalized Soret coefficient as a function of the normalized temperature

for aqueous solutions of saccharides.
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Figure 6.3.3. The normalized thermal diffusion as a function of the normalized temperature

for aqueous solutions of saccharides.
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Figure 6.3.4. The temperature dependence of the Soret coefficient, St, as a function of

molecular weight.
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Figure 6.3.5. The temperature dependence of the thermal diffusion coefficient, Dt, as a

function of molecular weight.
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Figure 6.3.6. The temperature difference of St as a function of St for aqueous solutions of

saccharides (OO and +), EGs (4), and crown ethers (@), and glycerol ().
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Figure 6.3.7. The temperature difference of D as a function of D for aqueous solutions of

saccharides (0 and +), EGs (4), and crown ethers (@), and glycerol ().
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Table 6.3.1. Molecular weights, St*, and Dt~ defined in equations (6.3.10) and (6.3.11) for

mono, oligo, and polysaccharides.

Sample M, Mw St Dr
g mol? 10° K= 1013 m?s1K2

Glucose 180 0.25 0.51
Maltotriose 504 0.2 0.77
Maltohexaose 991 0.24 0.9

a-cyclodextrin 973 0.28 0.88
B-cyclodextrin 1135 0.35 0.54
y-cyclodextrin 1297 0.28 0.33
Methyl B-cyclodextrin 1303 1.45 1.33
Dextran 6k 6000 0.55 0.91
Dextran 40k 40000 1.29 1.02
Dextran 87k 87000 1.78 0.96
Pullulan 4k 4000 0.47 0.55
Pullulan 440k 440000 2.76 1.01
Pullulan 800k 800000 4.04 0.81
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Figure 7.1.1. The chemical structure of tetrabutylphosphonium (right) trifluoroacetate (left).

91



SN TWAH[10-13], 3 KIT Ising &7 /L CILEE AT S, L5 TR
XO2FZZHLN, mBMEND LWRERE LT, EUT AL af ) ALREZ2 v
7=FHEL 5 =0.3265+0.0003 &\ D EAEF HAL TV H[10], — 5T, 3R TiE 3
Kot Ising E7 /L TIXRR TE T, 7 4 v ¥y — DRV AL Ising 7 /L TRk S 4
% EDOHE L B H[14-16], A A REIZIBWTIL, AR @R U7 3 iisy R [17-
241K U T2 3 alisy R[25-27]. b L <UL, IR TIXEIRTH 525, B Cfig
BET 2 & 9784 A U [28-33] CHIGBEEEN S HE SN T b, LaL, B E T
FREIRO TV D HEITD 720, T 8T TFNRAR=0 A NI 74 v FEgRLS
TIEEERANC B — 2 285> UCST R dfFihif e 29 556034 < ITHEIZR>T
LCST B O MBHE S NthD TV 5[26,34,35], IRADFXF 7 AHBZ R ¥ —(Ix

YR E—OFLGTHIRICE>THDT L2, T I TFARAR=yLN) 7
VA B FEERDKIR G 5RIE LCST B o fE it 2 F5> & L THERRTH D,

o528 FEBRITIE

BB eA A RIRIE, B FA BT T 7 F LR AR =1 25(259.42 g/mol),
T =AU R 7oA a FE#E(113.02 g/mol) TH 0 | IRBEICIIARE LA A L A
fiti U7 MK 2 o, A #RAE O PR HEIE I B W TR URE 2 H& /R T
03772 LPE L., ZOREDOY 7V CHELFHHFOPE LT 7, HEHSFED
ARIEREROEREIINT DT =4 e A TFF L OEHEREE L To Tz, HfF
HiR EoORIE ST AR D 2 fHoREZ R - T ERREIC = F T 5 F CHIEER
FEICLTWD, 0%, mlE CHFURE &2 KOS 6 O FREE T H 2 #URIR
DFIFEITANTN D, b= =D BRI T 2 i b BEERE O 7
NI TFNRAR=Y L MY 70 a BERR KRR CRIE Uiz, EEEIIE T b B R

FECIHBR LT, 7 R EA A — FOBEMEE 30 53 DELY AL TRH T U 72 fE % 4%
HERMETOBBIRE L L, L—F =05 &2 FHAMD A O AR IEHRE § [
ZNTH D IAA TV D, B ED B WEIRMAID HHEE Z 46D, FIREE T7 — 2 B
BEAToT, TOBE, BRIREIXAE & HSHEREREN 0 Lo 72iRE L LT
%, & LT, BWEILBINE X TDFSR % F CRES R K 0 RIRIR O 1 FfEEIC S

92



WTHIRIZ X » TEESUEE IS 7203 5 V) L—1REDRIE 1T - 77,

ﬂ

B3 AR LB

731 e Edht &R

4 7.3.1a [t FUREE N D OWEEZE B E R R L EASRE LIZHK
Thd, EIFEESR, BITEAVGREZR-> TS, £7-1¥ 7.3.1b (XX 7.3.1a Dk
REHEEIER LT T o D, ARE TIL 2 BEFEIZ 0 1T TP 2 HE L Tk D |
1EIHOREZ*D7 vy b 2HEHOWUEZ@D T 1y FTELIZ, 1[EHOHE

TIEA A AARRIREE 39.8 wtoolZFiEd U TERFUR AL, FRARE., WS fEHa %t oF
ETIE L, ZOWRE LT AIREE 37.72Wt% % STl Y 7Ll a2 LT 2 A H
DREZAT > T METFEITREBITREHNTWD 72D, BITAR ) b JEIT#E
CHEL L, EITER DR ICHE TS L) 2 BB IR A 1R D DAV E O
FIETH D, LLIZ 2T, BIFROMIZHLEL LTz, BIFTEM S
A A U RIK DR \THR T D R IR A H o, T OREERIX7.3.2 TH S, #ibhih
(ZIREE, BRENZIRIT AN 2o T, B2 D 8 T DIRE DA F R EKEEIK Z
T, ZNENTETEMZRE Uiz, TOREE, A A R IZ LT 15~ 65 wi%,
JEHTZEALIZ LT 20 ~ 105 cm O THUEME MR Sz, P ofid 1 Ik ToE
M7 4w b 5 IR TON—T77 4y NETHETEY, HEFEHANTES —%
L CWDENGNDL, EFHBIMZEBNTEH 3 RADNG 5 RN THHUTHIEVRKX
BITERWVZEICELSER>TWAHLD, SKAZHWTRE~DODHRE LT, 5
SIVIZ B ORRE 2R 731 1S 2, —H T BRAUREITRE TIZEL L T
Too BH DR Ar— /L CER LW EMVIR L, & DT & FHER D & B SR
JE Tc=31.44+0.09°C &ED Tz, LarL, AHBOFHHE THO T S BRFUEE DOEIX4
WE OFEIZHE % LT BRSO % FV 5, 23D ORFFGRE 1 [519°21% 0.001°C
DREETIREL TV D,

WA, HAFHAR O IEFFEIC OV CRHI L T <, X 7.3.1a 08\ T, HESFET
IR EE I3 2% FEDS BN D DSk LT, BV SR Tl i Tl Bl <
£ O IR FRIE DS B AL, IERTFRMEI T 0B U 72 2 AH O R EE TR 2 8 T &

93



TR A MR AR

T T T ‘ T T | T T II T
20t ew’ o'W weqte!'x’ X6 ! X O
| 1 1
\ } 1 1
15 _\ } JdL 1 1 _
\ I 1
OQ) o o o o: o, o
-~ \ 1 | 1 ]
1
l_ol() - ‘\o ql o /I- L o: o o,'-
| \ 1 ’ 1 ! /7
\ ] ’ \ II ,I
\ 1 ’ 1 ,
l_ 5 B b\ o (o7 4F Q 55 o -
Q é o & o o
&
@
0 5‘. l .o" \ g .'o

0.10.20.30.40.50.60.00 0.02 0.04 0.06 0.08
weight fraction, w mole fraction, x

Figure 7.3.1a. Coexistence curves of aqueous solution of tetrabutylphosphonium
trifluoroacetate for weight fraction (left) and mole fraction (right). * is first run and @ is

secand run. O is also secand run but these data are not used to curve fit.
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Figure 7.3.1b. Coexistence curves of aqueous solution of tetrabutylphosphonium
trifluoroacetate for weight fraction (left) and mole fraction (right). * is first run and @ is

secand run.
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Figure 7.3.2. Reduction relations between displacement, Al, and weight fraction, w. % is

firstrunand @ is secand run.
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Figure 7.3.3. The diameter, wm, as a function of reduced temperature, &, for aqueous solution
of tetrabutylphosphonium trifluoroacetate.  is first run and @ is second run. O is also

second run but these data are not used to curve fit.
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Figure 7.3.4. The critical concentration, we, and chi-square of least-square curve fit, 5, as a
function of the reduced temperature, ¢ for aqueous solution of tetrabutylphosphonium

trifluoroacetate.
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Figure 7.3.5. The displacement of laser, Ax, and the residue as a function of the reduced
temperature, ¢, for aqueous solution of tetrabutylphosphonium trifluoroacetate. * is first run

and @ issecond run. O is also second run but these data are not used to curve fit.
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Figure 7.3.6. Xm — Xc defined in equation (7.3.1b) and the residue as a function of the reduced
temperature, ¢, for aqueous solution of tetrabutylphosphonium trifluoroacetate. * is first run

and @ issecond run. O is also second run but these data are not used to curve fit.
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Figure 7.3.7. Ax and xm — X defined in equations (7.3.2b) and (7.3.1b), respectively, as
function of reduced temperature, ¢. Dash lines are the fitting results of single power law. Solid

lines are the fitting results of Wegner expansion.
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Table 7.3.1. Data points of coexistence curve.

A F WK KR

+

+

T-Te w w- X X~

°C weight fraction mole fraction

First run

0.01333 0.41596 0.33911 0.03330 0.02422
0.0200 0.42115 0.33317 0.03400 0.02360
0.0500 0.43488 0.31949 0.03589 0.02220
0.10117 0.44900 0.30609 0.03792 0.02089
0.2010 0.46610 0.28904 0.04052 0.01928
0.59386 0.50284 0.25441 0.04664 0.01624
1.0490 0.52735 0.23289 0.05120 0.01447
2.0130 0.55801 0.20470 0.05755 0.01230
Second run

0.0015 0.39945 0.35318 0.03117 0.02573
0.0015 0.39921 0.35454 0.03114 0.02588
0.0025 0.40282 0.35101 0.03160 0.02549
0.0030 0.40273 0.34930 0.03158 0.02531
0.0045 0.40673 0.34622 0.03210 0.02497
0.0045 0.40586 0.34789 0.03198 0.02516
0.0065 0.40568 0.34639 0.03196 0.02499
0.0070 0.40843 0.34310 0.03232 0.02464
0.0085 0.40998 0.34316 0.03252 0.02465
0.0090 0.41102 0.34186 0.03265 0.02451
0.0110 0.41028 0.34355 0.03256 0.02469
0.0130 0.41589 0.33660 0.03329 0.02395
0.0170 0.41887 0.33451 0.03369 0.02374
0.0210 0.42173 0.33194 0.03407 0.02347
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0.0315 0.42722 0.32639 0.03482 0.02290
0.0490 0.43516 0.31955 0.03592 0.02221
0.0800 0.44494 0.31060 0.03733 0.02133
0.1290 0.45604 0.29974 0.03897 0.02028
0.1340 0.45792 0.29777 0.03926 0.02010
0.1350 0.45675 0.29764 0.03908 0.02009
0.2000 0.46624 0.28779 0.04054 0.01917
0.2010 0.46552 0.28733 0.04043 0.01913
0.3005 0.47994 0.27683 0.04273 0.01818
0.3020 0.47826 0.27703 0.04246 0.01820
0.5050 0.49858 0.25983 0.04589 0.01670
0.6040 0.50481 0.25298 0.04699 0.01612
0.6070 0.50580 0.25250 0.04717 0.01608
1.0060 0.52698 0.23401 0.05113 0.01456
1.5070 0.54517 0.21623 0.05480 0.01317
1.5080 0.54499 0.21586 0.05476 0.01314
2.5120 0.57315 0.19349 0.06099 0.01147
2.5130 0.57217 0.19398 0.06076 0.01151
3.4170 0.58881 0.17926 0.06478 0.01045
5.0240 0.60970 0.15985 0.07025 0.00912
10.049 0.64448 0.12608 0.08061 0.00693
14.069 0.65687 0.11140 0.08475 0.00603
19.720 0.66327 0.09586 0.08699 0.00510
20.003 0.66430 0.09548 0.08735 0.00508
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Table 7.3.2. Critical exponents and critical concentration for the aqueous solution of

tetrabutylphosphonium trifluoroacetate.

M B We, Xc
Weight fraction 0.673+0.069 0.300+0.002 0.3765 =+ 0.0001
Mole fraction 0.632+0.008 0.321+£0.002 0.0284 + 0.0001

732 LSRR

B X ASEIREE b (Z6h3 2 il IR EE 10D L3R O st R FLIC K - TERT D,
T T, FEIRE IR 2B T, ASOLIRE I TR SR D B b i
VVEE(16.355°C)IC B 1T D IRE A VW T WD, 74 NEA A —RTh T L
TR XK 7.3.8 IR Lo BEHRIC L > TEELOBRRICHRRE L T\ D, X
738 D7 4 v T 4 7121 5 WADOLHAT U Z T W5, X 7.3.9 [ZHE DI
BERAF M2 R U7, HEHIC VRS | BRI CHA TR EE 2 Bl o T 5, T DR TLIX

[S—
S
N
T

[S—
<
T

10°F

Transmittance / %

107"k

0.2 d3 0.4
Amplitude / V

Figure 7.3.8. Conversion curve from amplitude to transmittance of turbidity measurement

setup.
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Figure 7.3.9. Critical behavior of the turbidity as a function of reduced temperature, &.

r=ATyG(2) (7.3.5a)
G(z)= {(Zzzz—f”l)ln(u 27)- 2(1; Z)} (7.3.5b)
z=2(qo&)’ (7.3.5¢)

Lo TR &, K739 OFERE GMHIE, ZOXEHNTT 0 v T 4 7 LIS
RThd, ZTIT, AdTER pr I XERIEMER, X~ 2 L, a3HBEETH
bo Fio, HRIEMEE yr HEEATBBEE DL THY . ThEh

Xt = Xm0’ (7.3.6)

E=Ee™ (7.3.7)
THZ2DLND, ZIT, & &HITEERTHDH[39], 3 KT Ising €7 /L TILE A
yEVIZENZy=1237, v=0630 LHELNTEY, K739 DERIIN—T 7 1 v
N DERIZyE vE 3 RTT Ising BT LV OMETEE L TITo TR TH D, —H . 739
DEFTETOERZABIZEZ TR/INBEBFRIET7 4 FLERRTH S, WEL
vy OO BHEEREDBIEW 4 UL 3 IRIT Ising ET L Dyé vEAWTHETL T «
VT 4 VTN T — R= BN TWD, TNUSNOT —Z ST e TEKE L
T7 4w b LR L 3T Ising &7 /L TE O N5 B FFEHUCEE LI S5E o7
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+0.21, v=054+0.09 THY, 3KIC Ising ET NMOBERET LODEL BT
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A A RRIREE 39.8 W% DT kT T FILRAR =T L kU 7 VA v FEERAKIEIR D
TDFRS HIE D R 2 ¥ 7.3.10 12~ d, MIEMEHIPHIE 20.3~29.3°C T, KM 5
NEWZHE LTz, 855 BTl 7= TDFRS ® v 7 F/1(X 6.3.2 X°[X 6.3.15)D X H I
IR EEARE U R 2 BT R E D2 kS 1 RS OLE I 2k TIZHE ST
WS TRARCE S TR TR LN Y LR A—4—Thb D, —J7.
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TP AEE R DR EE DR A RO 7R, K 7.3.11 IR L7Zi@ Y | S
EUTKRE L CTARERANDRL Y SEOFD R ST, F7o, NEROFEHL0.77£0.02 &
20, RY~—7 L FTHRLINEER ISR T DIHRED S5 Fuvv & —H
T 5, ZOBMIZIESTRICERPEEN T DLEERE S FT2 <, BREED
HPBRSNIZEF 2D, £lo, BERELZEZ W T, 164 ~ 27.9 °C DHiFH
THEMZHER LR, LREIEOREE <&KL, REFOEKLRAEOHPHAN
T—H LT,
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Figure 7.3.10. The temperature dependence of TDFRS signal of the ionic liquid in water.
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Figure 7.3.11. The mutual diffusion coefficient, D, as a function of reduced temperature for

1072
e=(T-T)IT,

the ionic liquid in water. The critical exponent is 0.77 + 0.02.
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