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Abstract : The densities of aqueous solutions of the amphiphile 2-(2-hexyloxyethoxy)ethanol
(CyE, ) were measured at 279.15 K and 282.15 K by vibrating—tube densitometry. Then using the

density data of the binary CyE, (1)/water(2) system, the excess volumes and partial molar volumes

were determined at various compositions. Excess volume V¥ exhibits negative deviation for the whole
region of composition, which implies relatively stronger attraction between molecules. At the CyZ,

mole fraction of around 0.45, V¥was at its minimum. Partial molar volume V; increases
monotonously with the mole fraction z,(=x) and V, decreases with . Any particular point in V,

and V,, which may point to molecular association, was unobserved,

Keywords : 2—(2-hexyloxyethoxy)ethanol, C,E, , densitometry, Excess volume, Partial molar volume,

Molecular association
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Fig. 1. Phase behavior of binary C,FE/H,O

system [4]. The symbols denote the
following: L,, normal micelles; LZ,,

-{o

reverse micelles; A, hexagonal liquid

Bt EhelA(Z, ) D}OV“ (L) F2A & crystals; 7, cubic liquid crystals; Z,,
ord=t, SHRm), Y (1), SFL,), 4TS lamellar liquid crystals; V;, inverse
(V) 5ol g5 4 7]]:} [4-7). ol Fels cubic liquid crystals.

AlEAEolERL & A Atolo] Bt A=

Z-&(interaction)©] Aifolek. EAE Atolo] A ZSAELHOlE AQD FolA F 7He 7}
2 g, & 23 A2 ZFmolecular interaction) # Ze Bl 2-butoxyethanol I 2-(2-
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Fig. 2. Phase behavior of the binary systems of
(@) C,E, /water [8] and (b) CjE,/water
(), CsE,/aq. 10 mM NacCl (O) [11].
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Table 1. Comparison of measured densities with literature values for aqueous
solutions of 35 wt% and 65 wt% ethanol
Ethanol (wt%) Density (g/cm”) Error (%)
Measured value Literature value
35 0.94494 0.94494 0
65 0.87975 0.87948 0.03
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Hlo]2 FxujA E}F 2-(2-Hexyloxyethoxy)ethanol s~8<9] 9]

3

5

Table 2. Densities, mixture volumes, excess volumes, and partial molar volumes of
x Gy + (1 — ) H,O at 279.15 K & 282.15 K, and atmospheric pressure
279.15 K 282.15 K
1-x Density A% VE Density \% VE
(g/cnr) (cm*/mol) | (ecm*/mol) (g/cnr) (em®*/mol) | (cm®/mol)
1.000000 0.999897 18.02186 0.00000 0.999850 18.02270 0.00000
0.995039 0.999786 18.87838 | -0.05348 | 0.999281 18.88792 -0.04723
0.989583 0.999690 19.81988 -0.11257 0.999228 19.82904 -0.10958
0.983557 0.998928 20.87808 | -0.15977 | 0.997546 20.90282 -0.14429
0.976864 0.996023 22.09190 -0.17355 0.995208 22.10999 -0.16814
0.969388 0.994679 23.41601 | -0.22069 | 0.993624 23.44087 -0.21232
0.960983 0.991651 24.94707 -0.23129 0.990389 24.97886 -0.22030
0.951464 0.991803 26.59597 -0.32836 0.990543 26.62980 -0.32020
0.940594 | 0.988341 28.58303 | -0.33507 | 0.986801 28.62764 -0.32168
0.928064 0.990320 30.70476 -0.51167 0.988959 30.74702 -0.50704
0.913462 0.984385 33.44442 | -0.45048 | 0.982591 33.50548 -0.43452
0.896226 0.981995 36.54829 -0.50803 0.980063 36.62033 -0.48989
0.875576 0.979634 40.26655 | -0.57770 | 0.977602 40.35024 -0.55847
0.850384 0.977387 4479800 -0.66740 0.975291 44.89427 -0.64848
0.818966 0.974328 50.49198 | -0.73669 | 0.972120 50.60667 -0.71543
0.778689 0.971125 57.80138 | -0.81582 | 0.968853 57.93693 -0.79429
0.725191 0.967832 67.51812 -0.91318 0.965062 67.71192 -0.86077
0.650685 0.963120 81.17248 | -0.92750 | 0.960762 81.37170 -0.90776
0.539773 0.958206 101.52645 | -0.92257 0.955828 101.77904 -0.90620
0.357143 0.952823 | 135.11875 | -0.84092 | 0.950429 135.45909 | -0.83021
0.000000 0.944297 201.50440 0.00000 0.941902 202.01677 0.0000
Ve S ) Aol olete] 2R 4 e,
i=1
x(lfx)iar(%cfl)i V:M )
=1 3 d
A7|NA n & tparAle] ApgeH 271 Ze 49l oAZlellA M, , M, += 27t CE, %t 20 BAE
o, 4% A= #FHEs BE n=5F do7t oltt.
A %=
24, & Rujo #F 3. g o st
GBS B FF w, T w, B o3 ALz
SAoto] AlmE WEL, ol ArY 9k pE Y CoBy, & #& ol Wg GE, 7899 =4
LA A5 1B & O Ve oS H 9xel & By VE Fig. 39} Table 29 Y
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Fig. 3. Changes in densities of aqueous C,E,

solutions with the mole fractions of
the amphiphile.
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C,E,(1)/Water(2) at 279.15K
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Fig. 4. Changes in molar volumes V’s of
aqueous CyF, solutions with the mole

fraction z of the amphiphile.

98 A GE(1)/H,0(2) © 7] Fu VR

RE QRO RE & RBu] 7, 3} 7, 5 o 49
ofste] & 4= At [14].
— E
AR Ve V;+(1zz)(w )
9 | p

A7 V.t E gt AR P9 B FEEA,
Tz =1 A9 grolth. 4] (5)
£ oA Fofl xS 26t gick. J8=
2 ol o] YJElM vEE wEsoF gt ol
9l5te] Redlich—Kister 217} Pade ol 2lo] A&
= £ 9l&=d|, Redlich-Kister 2]

n

VE=2(1—2) E (2z—1)" 6)

=1

ol AiH Lz FHstER, o]F ol-§3t= Ae]

rr
)

- 521 -



Vol. 37, No. 3 (2020)

" ExcessVolumeat279.15K
& data
6%} /
-0.2 /
J:
04 A/
VE O‘@ //
-06
o}
-0.8 OQ\
/ fol
1 Beo o
0 0.2 04 0.6 0.8 1

Hlol 2 I 2

o =

w
Y o
-0.6 \

2+ 2-(2-Hexyloxyethoxy)ethanol 4=~&<9] o] Hu] 7

Excess Volume at 282.15 K

O datal 5/
6Xt |

: |
02 % /, ,

041 P

8
@\ o
0.8} 5\Q 5

0 0.2 0.4 0.6 0.8 1

Fig. 5. Excess volumes of binary CyE,/H,O systems with the amphiphile mole fraction z at 279.15

K (left) and 282.15 K (right).

VE¥z(1—z) at 27915K

< datal
= [} 2
67t Q///O—k\\cv/, ] \\

o (99/ R

e |
z(1—x) . @DO \
i

10 \

3 |

-12 |

-1 -0.5 0 0.5 1
2e—1

Fig. 6. An example of the fits of V*to the
Redlich—Kister equation with n=6

g2 4= U} Fig. 62 n =6 ¥ o] gr& AiE
Hoj&Eg, o] 549 s & 951 9o
L, XA efgo] A HL A9HQl Tt A%
o] TA=Ey] WREo|tt IBER Fig. 60 Kl &
& FHo2 iAottt o] FHL2 & E& z ol
tist 62 ekl o2 A 279.15 Ko 282. 15 K &
o Z+z¢

VP=34.845 5 —96.163 2° +103.04 z* — 57.87 2*
+22.919 22 —6.7504 2 —0.024736

@)

V¥ = 38.402 2° —106.55 z° + 113.97 z* —62.50 z°
+23.24 22 —6.5444 © —0.029749

®)

Jdl, SAE A=E 25 wEtch o ¥
9] W4t residual error= Z+2F 0.1682F 0.181 o]t}
A (D ®)9 FH2 z=03 z=1°A
V¥ =0 o]ojof sH=t], o1& WEaiAlE gethe
Zolct, I}t ol E 59 279.15 K& o z =0 9
Aol gk VP =-0.024736 &

off Q7] wje] Az V¥ =
=8

Fig. 72 A& 191 ¥} 221 GE, o 4+ 2
Ql H,09 HE Z Fr(partial molar volume)
V%V, E BojFErh BE B 8y 3 1,k
A (5 A (D, )l QJsiA A=A 7, 2
240l 42 AS2 V, oHE B2EA 3716,

AAE Attt 223 o] FAlE 279.15

](9} 282.15 KolA sttt B3 v,
ofugt Eol{k Holx] ¢l=th oA GE, 7t
& &AM 39t 25 #A] FS FollFe 54
o Atk

TR offg-E/E 24+ Al A+ Fig. 8ollA B
Hje} o] Solffo] ¥t thA] ol ofgt
= 2& 2 =008 oA oeZe] HE = F

Ha g dEdd o2 oEE
CyH, OH) A7 2o Sl= A& 7R 5 9

1. 22 ol Fjtsh= 22 7t ZrobA

—_rLZ7} ZA4H7] olHL AdgoloA HFEEA

residual error H¢]

002 258 4 9

i

j&_m’\_\aimlor]r
r]rjg

mﬂhﬁ



202

200

108 4

196 §

&

o o

194

o

0.2

04
x

0.6

0.8 1

Partial molar volume of HEO at 279.15K

19

17

16

15

14

13

12

‘IBﬁiflimﬂm,QAAAA
LN

fat

A

02

04
T

0.6

08 1

Partial molar volume of C4E1 at 282.15K

202

200

198

196 5

Le]

o

e+

o [

194

o

0.2

0.4

0.6

0.8 1

Journal of the Korean Applied Science and Technology

Fig. 7.

Fig. 8. Partial molar

- 523 -

Partial molar volume of HZO at 282.15K
19

18 e, v,
Blnn
LA

17 A

AR A
16
15
14

13

12
0 0.2 04 0.6 08 1

xr

Vi's of CiE,
279.15 K and

Partial molar volumes
and V,’s of H,O at
282.15 K.

58.0

56.0 -

Ethanol

54.0

52.0 - -

12.0 | 1 | |

0 0.2 0.4 0.6 0.8 1.0

Water Mole fraction Ethanol

volumes of ethanol and
water in aqueous ethanol solutions at

298.15 K [15].



Vol. 37, No. 3 (2020) Hlo]-2 FZImA

Zotal okal of AT

CiBy &k 5 Adol, oKt} 22 C\F & 3t
StAlo] €, H,OC,H,OH &4 of|gt-go] RE7]|7} &
2 3eEolth CF 2 EYSAERI(POE) A
dollA 7Y 22 EREA o] dAFHSIH
[8-10, 16-19]. 1¥d] ~&Hol|N C.E & Akt
Ade] 95to] clathrate structuresS ZHe= ZAoR
TRt [20]. FAA 2L Fig. 9o Hel vie}
o), CE 8 & £&°] 0.05 olstd wol=
C\E, &A®) sttell & &2 50 7W7F Ager
(H,0)5B 27} Yehtal, & 2& 0.05~0.02
ANE (H,0),,B FZxo C,E BAE] 23e
clathrate structureZt 3&3stH, & & 0.02 o4
o i clathrate structure¥t THEHETHY B %]

o},

AR “ESNe

@@~ |'§%
i..\; Os 466

Ay ® €S

@ : 2-Butoxyethanol

Q . Water

Fig. 9. (H,0);,B structures (left) and clathrate

structures (right) observed in the binary
C,E, | HyO system [20].

Mo A ofetE C,H,0H 2+ CH,0C,H,OH
(2-butoxyethanol, C,E )2 g +XE Z+=
o] A FHAL, itk HedS FoiA U 2
o Fx A olA EES Hi 2 s

o X

L

ot

i ofm

a4l oA=L, 2-butoxyethanol (C,E, ) 4F

FollA wEESh T8y 2-2-
hexyloxyethoxy)ethanol (G;E, ) £ & 2 #
T

=]
o)
15

[GRe)
ddE

He SAE AT 72 4ol oI5

o},

)
3o H

B2} 2-(2-Hexyloxyethoxy)ethanol 4=&<9] 3o} Bu] 9

4. 8 E
1 atm, 279.15 K, 282.15 KolA 24E A
2-(2-hexyloxyethoxy)ethanol(Cy F, )/H,02] &
T, WY Foje i & 7S A4shl, o=
I 72 AEE 4k

ro
o

248 A 2-(Q2-hexyloxyethoxy)ethanol
(G )/H 09 HE= GE o & #&°] AR
of wet Zobxtt. oA vt GE, O Bk
7 =29 dxHo 27 wjzof odE= Hielth

288 A 2-(2-hexyloxyethoxy)ethanol
(CB,)/H,09 B 2] Ve GE O & &
of wt A4 AFS Hrh

<k B pPe Fo Hag Btk oA
< GE %t & A Afole] Eolgd7le A8l
% 2 %S o I8 o =045 B
& S UEHHER o] Ao Fof
| 7V A% ZAo=r FE5Hoh
2o V, 2 GE 9 &

Al &St
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