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298.15K % 1atmollA] 2747 {1,2-dichloropropane+2-(2-methoxyethoxy)ethanol} 2 {1,2-dichloropropane+2-(2-
ethoxyethoxy)ethanol }ol] thgt #4532} #Q)=eu]E S50t HY=F-3E S4317] $1st YWt vibrating
glass-tube ¥212] densimeterS ©]-8311 11, ¥}l E-Er )= flow mixing ¥ 2] isothermal microcalorimeterS- ©]-8-5}53
ok S A= 2 A EAET] s 2T Aol B SRS VERIITE 27] 2-(2-alkoxyethoxy)ethanol
o] 35t A4 Bgato g S0 AxE ey, Erasleslrs 412 St wkel 2-(2-alkoxyethoxy)ethanol -
A7) FAaATE B7) A% ouX7} A | wol Zaeghe BTt AgoeRE dojd v, 2 H,
datai= Nelder-Mead®] simplex pattern search method& ©]-8-3}4 Redlich-Kister TF-2] ol A3 (fitting)d}31 1L, Wilson,
NRTL % UNIQUAC model2 ©]&38to] H: data®} A 7}+9] AAAIS ALk

Abstract — This paper reports experimental excess molar volumes V,L; using a digital vibrating-tube densimeter and
excess molar enthalpies Hf; by means of an isothermal microcalorimeter with a flow mixing cell for the binary mixtures
{1,2-dichloropropane + 2-(2-methoxyethoxy )ethanol} and {1,2-dichloropropane + 2-(2-ethoxyethoxy)ethanol} at 298.15 K under
atmospheric pressure. All the Vf,, and Hf,, of the two binary mixtures showed S-shaped forms, being negative for poor
and positive for rich 1,2-dichloropropane mole fractions. These show that the excess properties were shown to be neg-
ative deviation from ideality due to the strong self-association effect among 2-(2-alkoxyethoxy)ethanol molecules at an
early stage of mixing, a relatively high energy then is needed to break hydrogen bonds of 2-(2-alkoxyethoxy)ethanol
with an increase ofhalogenated hydrocarbon molecular at high mole fraction of 1,2-dichloropropane. The values of
excess molar properties( Vf, and Hf, ) were fitted by the Redlich-Kister equation using Nelder-Mead's simplex pattern
search method. The Wilson, NRTL, and UNIQUAC models were used to correlate the Hf, values.

Key words: Excess Molar Volumes, Densimeter, Excess Molar Enthalpies, Isothermal Microcalorimeter, 1,2-Dichloropropane,
2-(2-methoxyethoxy )ethanol, 2-(2-ethoxyethoxy)ethanol, Hydrogen Bond, Redlich-Kister Equation, Wilson,
NRTL, UNIQUAC Model
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SeEe] Ao B AR A AE-S olslishEdl 1,2-dichloropropane(©]s} DCP)y> #|%l, ¢~ 4 17 55 &
3k QIAX7F H Q) EA] (excess property) AFai= 37 A0l af5k7] ek gA¥ENE ol HRIE, 4, HEA 5 A=
*To whom correspondence should be addressed. % 08HaL Sl wdeltt, o] it Allegel = v st
E-mail: mgkim@sangju.ac.kr FEt E3ste] w5 9 ulETS 55 gXAEE] s A



and VE of {1,2-dichloropropane + 2-(2-alkoxyethoxy)ethanol} 445

m

AR ARSI EH1]. E2 83l H(solubility)& }
dichloropropane ©]-8-5to] A7 4l theFst TG E
A& mEsk AU S ABAR AHEE] SleAE
ol 7k FAAE WA lokskaL, WHIARE Bl S
et bFet 7sg 7 2-3e] Eago] HAolH,
o e HEEHE P s 215 4osh4
data”} B o3k}, E3EC] 88 AES A EEY HAxA
sk T8k, 1 F 244 (excess property) Al
HIEEA] A 7he] Ee-sheta] Ao oSl T8k QIAkEA
|3b, B} M4 =2 B39 vigte] 7hsslixich

A Rl ddel| dist A= 2l=elAli= Banos 5{2], Barbés 53],
Tamura 5-[4] 2 Pal¥} Singh[5]°] -JSH FstA A7) o] Fo

A3 Qlom, o] A= iyt HFE-Tol #st Yol
2 0] o] HEE[6-8]% o] Stk

B oi:,LL—_ oﬂoﬂ%l—x% EJ&;‘qo] y,}ovﬂx]oﬂ Futa o]e;]g] Oﬂ:rL[9-13]
E/H 2482AIR! {1,2-dichloropropane + 2-(2-methoxyethoxy) ethanol}

9l (1,2-dichloropropane + 2-(2- ethoxyethoxy)ethanol}"ﬂ st 3}

o]E‘:'«L](excess molar volume), V: 9} 7}9] & ol €k (excess
molar enthalpy), H., = 1 atm '@ 298.15 Koﬂ/ﬂ S8, 1 A
Redlich-Kister E}%"Q [14]°]l Nelder-Mead’s simplex pattern search
method[15]5 AF&-3to] wWiZfW4E k3Tt XS, Gibbs-
Helmholtz]-2- ©14-5}¢] Wilson, NRTL % UNIQUAC model[16-18]=
HE A 24 (x)7 H,, data®}o] AVAAZ 2AVFATH
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2-1. A2t
2 At AREE 1,2-dichloropropane(©]3} DCP)S Flukarle]
AFEoT AT} 99.0% ©]4F0]7 2-(2-methoxyethoxy)
ethanol(©] 3} MEE)¥} 2-(2-ethoxyethoxy)ethanol(©] 3} EEE)->
AldrichAFe] FAIEE7 Z42F 99.6% 2 99% ©]/d2e] EaAlekS.
2 o o] AAISHA] Al Il = ARSI ©, S AlASH ]
3l Al&EE A (molecular sieve, Aldrich, 4A, 3.2mm pellets)®
2447t o) 2 2]3F 3 Karl Fischer titrator(Model 784 KFP Titrino,
Switzerland)Z &S Q181 11, ST} (ultrasonic wave,
Model 8210, Branson Ultrasonics, U.S.A)—‘ ol g3l 71HE #|A
T AHgAIgon], RS 24, BAGE 9 sREEe ok
b1 el 1o I 4 A1) e i) S5
% % =4 E(refractive index, Model RA-520, Kyoto Electronics,
Japan)g 57430 F3A| 9} vkl o, o]F Table 20 ek
iict.

el Y] SE UER T AREE A, =

i =2
= ol AT = AEA 5 Y] (automatic

Table 1. Origins, stated purities, and moisture of the pure components

Table 2. Densities and refractive indices of the pure components and
comparison with literature values

plgem™ at 298.15 K nyy
Components - -
exptl lit.[19] exptl lit.[19]
1,2-dichloropropane 1.14937  1.14936 1.43932 1.43937

2-(2-methoxyethoxy)ethanol  1.01501
2-(2-ethoxyethoxy)ethanol ~ 0.98282

1.01670
0.98410

1.42632
1.42726

1.42640
1.42730

sample changer, model SP3, Anton Paar, Graz, Austria)’} &=}
¥ W% A(vibrating glass-tube densimeter, model DMA-58,
Anton Paar, Graz, Austria)S ARE-alo] SAsIA a1, o] F=19] A
U5 £5%x10° gem o]t} B3, A 50 E 918 A5 4
U7} +1x107 g1 HAFAL-(model AT-201, Mettler Co., Switzerland)
S AMgaIIT) #) By, VE S Fal) 98k A2 Fu) 9
A7jol ohg AR 7142 Kims} Kim(12]e] ek} 91e
FJERT], V), emPmol = ZF 24 9] Alge] tha) 49 2
LSS o] 88t (1) 2RE ALkkE o)z
Vi _xMi M, x M x,M, (1)
p P1 P2
0] =EgolH, pd pim E3E 9 e Y
9] Aol

1

A7IA xx %
Eolal, Ma= 3

|
—_
R ENGT] o] F4L S 5T T4 (flow mixing cell)©] 2
=

[e}
235 A% (isothermal microcalorimeter, model CSC-4400,
Calorimetry Science Corporation, Utah, U.S.A)S ©]83}31 0 m

2219 B5 toloj a3 Fig. 10 YR o] 71718 4
3 Q Aol st AdAek Ug7 Alse] A,
A F9st7] A% FA<Q F dle] HPLC
pump(Acuflow Series II, Fisher Scientific, U.S.A)= ©]&3F A
Aol T3t AFAE e Kimd Kim[12]0] B.arE o] Qlch,
4] (mixing tee)e] FUTE 7 ALE] Rolfol w2t o
ZZk(thermal power)o] TFEA UJER R R A3 kA F
$AIR4S Agalot Bk, & 7 FoIRge) A9 PHe D

Aoz A 3¢ 55 (equimolar) EFENN A g s}
Al S H2AE YER IR 2 439 514 774 (262,800 pW)

of wje} 2 AFeM e F 9 FH52 0.5 mI'min 12 A3}t
of Addsiglet. Faldl T 9 Foa5el digk 2 A5 71
3]3-4:4] (volumetric flow rate ratio)s 7|2 %A 0}01 o7 =
A dlojElgel SAXAE dTE 7 ARG Y2 4 F
A& F ARAT T T FI452L 0.5 mlmin ' OE 793}
o] A& Zk(thermal power)S] HE0] £30 pW U= HYsHA G4

H Z0E 1247 A% A2%) 4E(A)Q] 7154 (baseline)S]

Components Origins

stated purities moisture/vol %

Fluka Chemie AG
Aldrich Chemical Co.
Aldrich Chemical Co.

1,2-dichloropropane
2-(2-methoxyethoxy)ethanol
2-(2-ethoxyethoxy)ethanol

>99.0% 0.005
>99.6 % 0.010
>99.0% 0.022
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Fig. 1. Block diagram of isothermal microcalorimeter(Calorimetry Science Corporation, Utah, U.S.A).

o g gk, 1 v A (A2 7Y FIRES AR Fol
= Al AlEB)Y] FHA5S 58 AR A9 BE v A
Fholl et FAloll F=YAA EdEol st 3 (heat of mixing)
o] dAgkS A =, ZF EHE AR 715 T @/pw)-
)2l oJ&l Fakelnt. olmo % peak®] 2538 (fluctuation
tolerance)E 30 uW oJUlZ sto] P wj7lA] A5 5 T}t
& HolEE Aot E3Eol digt A3o] FTEE ¥ A5 B
& 9505 mi'min )02 Fste] AlsB)el digt 71
9] ghe At

2 o o

D= G+ G2 @
Ur Ur
714§, 4, © T8 13} 2] B (heat flux/uW)R] 1L, v, 0, &
AE 1, 28] R34 (ml-minT)e]H, v, 29555 ml-minT)
otk 7k 2] ol w2 7 E9E2] E3E] (mixing tee)ol| 4]
AL 3o Axtelalt.

X = ) 3)
(0101) " (Uzpz)

M M,
A7 v, 2 Y37 FI 55 (ml - min™), pam YES] WikolH,
M= 0] Eapoleh, 59 B BALI= fe] 23l

3l5k5st Hl44H HI5= 20065 108

ufel Aol AAgk(@)2) A (4yAe] AlRFE Hojxirt

H-p-— 4 @)
o). 2

07|14 HE = FEeles](mol o], § & 7 35l sk
d<(heat flux, pW)°IT}.

dgA] e I AY data®] 7AAAL Sabbah 5[20]
Wadso21} 5223719 35 2 Al 3E A7eh7] $13l 298.15K
o FAgol thallAl= {n-hexane + cyclohexane} 7|2} 2z}
41 79+ {water + ethanol}A1E 242AlN tigh 7= 0= AAIe}
], 2 A A Fhg ol WA Tanaka 52217 &
Q31491 7$3= Chand®} Fenby[23] % Costigan 5[24]2] A&
A mmatglon, 1.6% oU®E & dxsh= ARE Kol F9
TH12].

3. du} 3 &

2% 7] {DCP+MEE} ¥l {DCP + EEE}°] th3} 1 atm,
298.15 Ko 58 V,, o] A71= Table 3 8! 4%} 2o, H, =
Table 5o vtebligich. &, 549 v, 2 H, & 2300 i3
(5)212] Redlich-Kister?] © & 24 2H7] (fitting) S 311},
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Table 3. Experimental densities and excess molar volumes Vf, for
binary mixture of {x1,2-dichloropropane + (1-x)2-(2-methoxy-
ethoxy) ethanol} at 298.15 K

Table 4. Experimental densities and excess molar volumes V., for binary
mixture of {x1,2-dichloropropane + (1-x)2-(2-ethoxy-ethoxy)-
ethanol} at 298.15 K

X p/gem™ V,}; /em’mol”!
0.000 1.0150 0.0000
0.068 1.0230 —-0.0372
0.131 1.0306 —0.0654
0.195 1.0384 —0.0884
0.255 1.0457 -0.1029
0.312 1.0529 -0.1129
0.370 1.0602 -0.1179
0.424 1.0671 —0.1155
0.479 1.0742 -0.1079
0.528 1.0807 -0.0977
0.578 1.0873 —-0.0835
0.626 1.0938 —-0.0666
0.672 1.1001 -0.0473
0.717 1.1064 —-0.0286
0.761 1.1125 —-0.0043
0.802 1.1185 0.0103
0.846 1.1248 0.0288
0.885 1.1308 0.0418
0.924 1.1366 0.0495
0.940 1.1392 0.0508
0.949 1.1407 0.0489
0.957 1.1419 0.0488
0.963 1.1429 0.0473
0.978 1.1453 0.0423
0.983 1.1462 0.0384
0.989 1.1472 0.0355
0.993 1.1479 0.0310
1.000 1.1494 0.0000

Q=x(1-%) S A(-29"" 5)
i-1

A Q& 77 HIERT (v, em’-mol ) F& ¥}
Bl (H, mol ') o], A= WZIHSE, xi= DCPY] BE-go|c}.
WiZAE 5] flst ALt €a12]E52 Nelder-Mead’s simplex
pattern search method[ 155 ©]-8-5131 4, ¥%5-AX(standard deviation),
o2} &7 Table 6 2 Table 7o YERNATE ZFAA= (6)4.C
= Apdsisict.

11—

N E E 2
o= [z (Q%(exptl) — QF(caled)}” /(N — r)} ©)
i=1

O71A N A data®] 019, r2 TEja]E] 2] S0t} KL (DCP +
MEE} % {DCP + EEE}Alell tht #J&] 9 Fo)=des]
of tigt AFAANE 239 BA ] Fig. 29} Fig. 3o 27t
ElIlon, 1ol 2HAS Redlich-Kisterd] 2] TEF|E|E O]
g3l AR AdE vepd Aol Fig. 29 3004 Bz vk} 31
o] T3y 9l FjolEelety]= 2712 244%A K DCPY %A
of thall Sl S Vel Qi) o= &% 27190 2-2-

X p/gem™ VE/em’mol™
0.000 0.9828 0.0000
0.079 0.9931 —-0.0666
0.153 1.0028 —-0.1130
0.223 1.0125 —0.1456
0.290 1.0220 -0.1691
0.350 1.0309 —0.1785
0.412 1.0402 —0.1798
0.467 1.0488 -0.1725
0.519 1.0571 —0.1594
0.571 1.0656 —0.1417
0.619 1.0738 -0.1182
0.664 1.0816 —0.0932
0.709 1.0895 —0.0675
0.751 1.0973 -0.0397
0.791 1.1049 —0.0137
0.829 1.1122 0.0081
0.867 1.1197 0.0300
0.902 1.1270 0.0457
0.936 1.1342 0.0538
0.945 1.1363 0.0564
0.956 1.1387 0.0547
0.965 1.1407 0.0528
0.968 1.1414 0.0521
0.974 1.1429 0.0512
0.985 1.1453 0.0462
0.993 1.1472 0.0408
1.000 1.1494 0.0000

Table 5. Experimental excess molar enthalpies, H_, for binary mixtures of
{x1,2-dichloropropane + (1-x)2-(2-methoxyethoxy) ethanol}
and {x1,2-dichloropropane + (1-x)2-(2-ethoxyethoxy) ethanol}

at 298.15K

X Hf/JmoF1 X Hf;/Jmorl

x1,2-dichloropropane + (1-x)2-(2-methoxyethoxy)ethanol
0.000 0.00 0.492 —377.89
0.032 —-168.56 0.551 —321.98
0.056 —316.62 0.609 —234.09
0.103 —418.14 0.647 -173.14
0.149 —492.85 0.703 -113.19
0.194 —523.44 0.757 -31.76
0.261 —545.38 0.793 12.50
0.305 —542.72 0.845 43.74
0.348 —526.79 0.896 49.07
0.410 —483.82 0.947 38.66
0.451 —423.77 1.000 0.00

x1,2-dichloropropane + (1-x)2-(2-ethoxyethoxy)ethanol

0.000 0.00 0.507 —285.96
0.036 -188.16 0.547 —225.51
0.064 -358.57 0.605 -164.56
0.090 -509.14 0.643 —-81.49
0.142 —-560.53 0.697 —28.45
0.193 -589.16 0.749 13.30
0.242 -573.33 0.799 4222
0.290 —-537.26 0.847 50.97
0.358 -494.17 0.909 4522
0.402 —-430.95 0.953 33.22
0.445 —-374.65 1.000 0.00
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Table 6. Adjustable parameters A; and standard deviations ¢ for least-squares representations of Vﬁ/cmsmOF1 and H,E,,/JmOF1 for binary
mixture of {1,2-dichloropropane(1) + 2-(2-methoxyethoxy)ethanol(2)} at 298.15 K

VE/em’mol™ H: /Imol™
A, —-0.4351 —-0.4019 —-0.4098 —1475.22 —-1527.44 -1526.47
A, —0.2844 —-0.3406 —-0.5153 —2355.01 —2365.51 —2452.50
Ay 0.6261 0.0517 0.2105 -644.83 282.93 268.16
A, —0.7892 —-0.5955 0.6483 —1451.18 —1387.78 -757.11
As 1.0005 0.6715 -1670.84 —-1633.69
Ag —1.5546 -807.80
c 0.0110 0.0088 0.0074 16.72 11.65 11.59

Table 7. Adjustable parameters A; and standard deviations c for least-squares representations of V,E,,/cm3m0rl and Hf,/Jmolfl for binary
mixture of {1,2-dichloropropane(l) + 2-(2-ethoxyethoxy)ethanol(2)} at 298.15 K

Vf,/cm3m0171 lrlf/]mor1
A, -0.6815 —-0.6409 -0.6533 -1131.41 —-1183.39 —1183.55
A, -0.3574 —-0.4439 —-0.6557 —2811.84 -2827.34 —2798.50
A 0.7456 0.0273 0.2749 —-1798.72 —872.55 -867.31
A, -1.0222 -0.7373 0.7997 —1447.49 -1372.76 -1579.36
Ay 1.2759 0.7760 —-1644.03 —-1656.49
Ag -1.9598 260.20
0.0133 0.0104 0.0084 22.44 19.47 20.04
- ; . : ; . . . . . . . . . r ,
0.08 + T 100 - ]
] - \ o By ]
0.04 - Iﬂ 04 on . S
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Fig. 2. Excess molar volumes Vi for binary mixture of {x1,2-dichlo-
ropropane + (1-x)2-(2-methoxyethoxy)ethanol}; l, and {x1,2-
dichloropropane + (1-x)2-(2-ethoxyethoxy)ethanol}; @, at 298.15 K:
—, Redlich-kister model using parameters listed in Table 6 and 7.

alkoxyethoxy)ethanol®] Z/go] F-7-3F o olA= 2-(2-alkoxyethoxy)
ethanol #AF7HH-0)°ll chemical effectl] <=4~ $}(hydrogen
bond)el] 23+ 733t A 8]38 d(association)l] e} 2 E e
9] 7% S(negative)?] 101”3 (nonideality, < exothermic effect)
& Holi lar, HYERT O] - 3]3tel wE ERE Q1E
oJ&l] A A7t FolgEel wel EFI ] ATt FRbE]
Q25 & = QI T3 215 halogenated hydrocarbon?! DCP

3l5k5st Hl44H HI5= 20065 108

Fig. 3. Excess molar enthalpies Hf, for binary mixture of {x1,2-
dichloropropane + (1-x)2-(2-methoxyethoxy)ethanol}; Hl, and
{x1,2-dichloropropane + (1-x)2-(2-ethoxyethoxy)ethanol}; @,
at 298.15 K: —, Redlich-Kister model using parameters listed
in Table 6 and 7.

o] 2/do] F7shell W} 2-(2-alkoxyethoxy)ethanol®] FJo] A
SPHA] 2-(2-alkoxyethoxy)ethanol ARl d=]o] Il =4-ZA%H
o] B A HJEAET ] H-9- F(positive)S] H]0]dA
(endothermic effectyS LERYAL Q1ar, FIEHu] 0] 9% vz}
A2 FrdATe] AojF o R Q1 A7 AFS 2F-8-(intermolecular
interaction)®] FallFell Wt E3Ha]7} FrlelE s VeI
St} o]= Pal¥} Singh[5] ¥ Prausnitz 5[25]¢] A&A3} 4 o2}
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3-1. YHstA QEilglo] AR
Excess molar enthalpies, H,E,, £ Gibbs-Helmholtz2] ©. & F-E]

GPs iAol (s el vehd 5 ek,

E
HE - mTz{@(G@ ;RT)J ™
P, x

3-1-1. Wilson?]

(729 molar excess Gibbs energy GE/RTE-S AoIshs] E4
A o] F4H4Q1 Wilson{[16)0 2 2370l il vhehsl (8)4}
21,

GF
RT = —xyIn(x; + Apxy) = X;In(x,+ Ay xy) (®)
®)21& (Al tiglate] &5 ol tjg) WrlRs] H, E %
o) g e (943 2.
E AipAp Mai Ay
= +
H XIXZ[X1+A12X2 X2+A21Xj ©

L
O:] 7]/“1 Ai' = \iexp(_ u
v Vf RT

3-1-2. NRTL2
NRTL(nonrandom two liquid)2][17]2] GE/RT= (10)2) 3} 2},

E

121Gy 4 T12G12} (10)
2

= =X|X
RT ! z[leerGz1 X,+x,G,;

(104 $l9k sz (740l thelalo] slo] £ Tol o
o Wrlsel L& 240 @4 e (1143} 2k

H:E= RTxx,
GoX—X,(a T —1 Gy X=X (05T — 1
{ 12X X0y 1; )GlzT1z+ 21X~ X (0 221 )G21T21}
(Gppx +x,) (Gyix,+x1)
1D

A 1 1
A7 G = exp(-a,1y), ;= R_ng °iL, Ag; = g;—g; °It oy

non-randomness parametelolﬂ-.

3-1-3. UNIQUAC?

23719} o] UNIQUACAI[18]9] GEi= combinatorial part$}
residual parts $3to] (12)219F 2o, 7 part®] GE/RT: (13)
2 gl (14)8) 2.

G" :GE(combinatorial) + GE(residual) (12)
GE(combinatorial)
RT
o o z( 0, 92)
=x,In= + x,In= + = q,x;In— + q,x,In—=
1 X 2 X, 2 qQiXy s q2X5 o (13)
GE(residual) _

RT —q;%;In(0; + 0,75) = px,In(0,+ 6,715)  (14)

(13)23} (142 99} v (Aol tiglatel Helehd
(1543 2ot

(15)

2
7P 1= exp (f %), Au; = uy - ujy-0b191=qixi/2quk°]‘3}.

7] Wilson] €] A, @ Ay, NRTLA O 1, 1o D o),
UNIQUACA 9] Aup, @ Au, = 7-810] Z5H219} 3 Table 8
of Yehdiolon, stetulEE Aikelr] 918k AAE darese
Redlich-Kister®] 2] 7-¢-} 543t Nelder-Mead's simplex pattern
search methodZ ©]-4-3}31t}. 7} modelel] i3l 243 w2 HE 7t
S Akt vlwsle] Wilson?) 9] -9+ Fig. 401, NRTLA 2]
7% Fig. 5 71831 UNIQUACH 2] %-%-+= Fig. 60l FERQITE. 1
20 ZRE] NRTLA] A7 HE 7k AaaAS 7hd 248
Uehd 4 9loRs 218 o 4 9lint.

4.4 2

298.15 K 2 1 atmof|A] 2443&7] {DCP + MEE} 4 {DCP +
EEE}el thgh 3 =599} &) & St APo=

BE] do7 vEdl HE datat= Nelder-Mead®] simplex pattem search

m

Table 8. Adjustable parameters(;, and A,,, Wilson; 1,,, 1,; and a,;,, NRTL; Au,, and Au,,;, UNIQUAC) used in Eqs. 9, 11 and 15 for correlating

Hﬁ together with standard deviations, ¢

Wilson NRTL UNIQUAC
Mo Aoy S T2 1 %12 S Aupy Auy c
{1,2-dichloropropane(1) + 2-(2-methoxyethoxy)ethanol(2)}
1499.18 -2184.39 156.2 1.590 4.457 0.790 239 -940.53 792.49 1924
{1,2-dichloropropane(1) + 2-(2-ethoxyethoxy)ethanol(2)}
1574.33 —2289.02 196.9 0.973 6.284 0.535 15.6 -819.61 707.90 246.3
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Fig. 4. Comparison between experimental Hﬁ and calculated Hf,
by Wilson(eq. 9) using parameters listed in Table 8 for {x1,2-
dichloropropane + (1-x)2-(2-methoxyethoxy)ethanol} and {x
1,2-dichloropropane + (1-x)2-(2-ethoxyethoxy)ethanol} at 298.15
K. B and [, 2-(2-methoxyethoxy)ethanol; @ and O, 2-(2-
ethoxyethoxy)ethanol. Closed and open points are for experi-
mental and calculated values respectively. The solid curve for
experimental values were drawn by eq. 5.
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Fig. 5. Comparison between experimental Hﬁ and calculated H,E,,
by NRTL (eq. 11) using parameters listed in Table 8 for {x
1,2-dichloropropane + (1-x)2-(2-methoxyethoxy)ethanol} and {x
1,2-dichloro-propane + (1-x)2-(2-ethoxyethoxy)ethanol} at 298.15
K. W and [, 2-(2-methoxyethoxy)ethanol; @ and O, 2-(2-
ethoxyethoxy)ethanol. Closed and open points are for experi-
mental and calculated values respectively. The solid curve for
experimental values were drawn by eq. 5.
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Fig. 6. Comparison between experimental l-lf, and calculated Hﬁ
by UNIQUAC(eq. 15) using parameters listed in Table 8 for
{x1,2-dichloropropane + (1-x)2-(2-methoxyethoxy)ethanol} and
{x1,2-dichloropropane + (1-x)2-2-ethoxyethoxy)ethanol} at 298.15
K. B and [, 2-(2-methoxyethoxy)ethanol; @ and O, 2-(2-
ethoxyethoxy)ethanol. Closed and open points are for experi-
mental and calculated values respectively. The solid curve for
experimental values were drawn by eq. S.

23] FRRAE ARSI o] Avw vt 2 A
B A9l
(D) #Feo) 8l AedEdgls 2719 237 55 DCpd

el oH, 2-(2-alkoxyethoxy)
FH-8F JAAoll- = 2-(2-alkoxyethoxy)ethanol 2]
xRl G e AgER shel 1 EAT] 9

exothermic effects K111, Y EH ] 0] o= 3]l up=
T3] A7t dofRitt. B X1 halogenated hydrocarbon
DCP2] F/Jo] SVl ule} 2-(2-alkoxyethoxy)ethanol <
of A=) Y FA2AF sllE] & T(dissociation effect)®
Al ENeEy] o] 739~ endothermic effectS 14-5}14]919.“%, RICIAS
1]9] AT n AR AT Ao R Ak EARE A
24 (intermolecular interaction)®] 2Fafdel| w2} %i}-‘%)] 7} Z7vs)h
Oob\]"_ L o%‘?‘ D]'

(2) Wilson, NRTL %! UNIQUAC model& 01%6}01 H. data
oF 2AJFe] A ETE 2 modeloll gt mi7IEE 730,

A ofo 4z &L A o

fitting®] % 3d-> NRTL model®] HZ O &2 H—Eb,\
ANE7|&E

A; : Redlich-Kister adjustable parameters in the Eq. (5)

G, : NRTL parameter (=g;- g;)

H,F,; : excess molar enthalpies [Jmol']

M; : molecular weight of component i

N : number of experimental data points in the Eq. (6)



1.
2.

(98]

W

H,f and VE of {1,2-dichloropropane + 2-(2-alkoxyethoxy)ethanol}

m

nj, : refractive index at 293.15 K

dp» 9o : UNIQUAC area parameters of component i

c‘]q_i : heat flux [uW] of mixture and component i

Qf, : excess molar properties [H,F,; /Imol! or VZ fem’mol ] in
the Eq. (6)

r : number of adjustable parameters in the Eq. (6)

U7 U, : total and volumetric flow rate [mlmin™'] of component

X; : liquid phase mole fraction of component i

Auy : UNIQUAC parameter (= u;—u;)

VI.L : liquid molar volume of component i [cm>mol™]

v : excess molar volumes [em®mol™']

J2lo|Aa &K}

oy : NRTL non-randomness parameter

; : UNIQUAC volume fraction of component i

) : baseline values [LW] in the Eq. (4)

A hyi—N; + Wilson parameters

0, : UNIQUAC area fraction of component i

P,P; : densities of binary mixture and component i [g-cm™]

c : standard deviation for V,,E1 [cm’mol™] and H,F" [Jmol™]
in the Eq. (6)

Ty : NRTL and UNIQUAC parameters

IEX

L : liquid phase

O2H& X}

1,2,i,j :components

caled : calculated

exptl : experimental

lit : literature

m : mixture
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