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Thermodynamic Study of the Adsorption of Surface Active
Substances at Oil/Water Interfaces

Kinsi Motomura and Makoto Aratono

In order to make clear the behavior of surface active molecules at oil/water interfaces,
the interfacial tension was measured as a function of temperature, pressure, and concentration
and analyzed by the thermodynamic equations derived. By measuring the interfacial tension
between oil and water, the entropy, volume, and energy of interface formation were found
to have positive values which are attributed to the repulsive intermolecular interaction

between oil and water.

Measurements of the interfacial tension of the oil solutions of

surface active substances against water led us to the conclusion that the adsorption of surface
active molecules at oil/water interfaces is accompanied by decreases in entropy, volume,
and energy. Further, the affinity of oil to water was observed to affect the adsorption

behavior of surface active molecules.
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Fig. 2 Interfacial tension vs. pressure curves
of oil/water interface at 298.15 K:
1, hexane: 2, octane: 3, decane;
4, dodecane.
Table 1 Valuesof 7, 4%, and /"¢ at 298.15 K
and 0.1 MPa
. z v Iy
Oil — -
nm cm® mol™'  umol m™?
Hexane 0.0227 1316 —-0172
Octane 00278 1634 —0.170
Decane 0.0296 1957 —0.151
Dodecane 00311 2281 —0.136
Cyclohexane 0.0304 1087 —0.280
Benzene 00106 894 —0.119
Butvl bromide 00173 108.0 —-0.160
Hexyl bromide 0.0209 1415 ~0.148

Valuesof 7, Az,

As.and Aw at 298.15 K and 0.1 MPa

HUZ 2053 MM B A 2 T Ol

LIS EINE A D, —f, (20)
KAWL TS 072 290815K, 1 Hexane

. Octane
MPa To Ap D Wik r ditid & 41z Decane
Table 2125 2 5 Tiva, Ap 12 F Dodecane
g , . Cyclohexane
CIEG BRAME LR, T8 O0E

TEY, Lrbronfis o5t
FLHLTEDG 2, 7 OMiHIhE K

Butyl bromide
Hexyl bromide

r Ay As Au
mNm™ mm® m™? m] K m? m] m?
5035 00227 00916 7717
5095 0.0278 0.0889 775
5141 0.0296 0.0868 773
5185 00311 0.0858 774
4986 0.0304 0.0905 76.8
34.00 00106 0.0604 520
36.76 00173 00572 538
3985 0.0209 0.0552 56.3
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Fig. 4 Interfacial tension vs. pressure curves
of oiljwater interface at 298.15 K:
1, cyclohexane; 2, benzene; 3, butyl
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3, butyl bromide; 4, hexyl bromide.
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Fig. 6 Interfacial tension vs. mole fraction curves
of 1-tetradecanol at the hexane/water
interface at constant temperature under
armospheric pressure: 1, 308.15 K;

2, 303.15K; 3, 298.15K; 4, 293,15 K.
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Fig. 11 Entropy of interface formation vs. mole

fraction curve of 1-tetradecanol at the
hexane/water interface at 303.15 K
under atmospheric pressure.
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fraction curve of 1-tetradecanol at the
hexane/water interface at 303.15 K and
0.1 MPa.
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6, 1.68: 7, 2.32.
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Interfacial tension vs. pressure curves
of l-octadecanol at the hexane/water
interface at constant concentration at
298.15K: 1, 103X(1): 0; 2, 0.146;
3, 0.416; 4, 0.618; 5,0.949; 6,1.13;
7, 1.58; 8, 2.21.
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water interface at constant temperature
at 80 MPa: 1, 303.15 K;
2, 298.15 K: 3, 293.15 K.

Netsu Sokutei 13(2) 1986

=42 87H/ —

ZEBLY



e taR Gk

20 L

il

T
E
E 10 + 1
. 2

3
5 | \

L

0 1.0 20

A 1 nm?

Fig. 17 Interfacial pressure vs. area curves of
l-octadecanol at the hexane/water
interface at constant temperature at
80 MPa: 1, 303.15K: 2, 298.15 K:
3, 293.15K.

BEBoTOBCEREZ DX =40 270 /-0
DELOHHLOF28 3 AOro i &1 L & S 1038 L
TOBEEZ ONTOLEMIITH 2 & him—5 52 &
MTE DL, TORBIIHMFLO T > + o E— 3 kA
AR AC Tk S IS HINOE NP
H%’M*”[”L FILBT D As DEALDE 5 M 22,
80MPa, BIE—ICHE 5 r—THISM A Hix, (28)1
WM LT 30315K, 29815K, 293 15K OitlliE 7 As o
MR S o, WU As— 29 ME DT Fig. 18 (2
2N TR, MBI S k31D, As o G2M]
BT ARMBHT, KSR LT 2, T,
LIRS i/@fmwl/ boE =B EA M TN AT LA
Ao MELBEICEH TR As DA T Y IR L
U I-A 2 2 FH /= OB T vt o B
/LIH'JUZL—Q‘P'C"&’) bo DI, T As 0 LHILK
ZB 5 Fide S o jUE#r (Fig. 14 -0 S804
*: D EDTNTIENT T2 B ) ISR & B Ul ol 1 -
HTEMWIMENT, Lmms-T, ~E4 v/ ke
RSN 1A 7 25 H 7 — 0 I 0 Bl 70 2
A OMZAIE Lk BTHE O N RN TDYIN
e SRS OIRTEN L 2k T 5 0 & HJL LT 4 ki
VCEWNTEZ, — ¥, Fig 15104147 5417002 29815
Koy 7 =Pl ds LT 30315 K & 29315 Ko™ (29)
A W l,, BOMPa lZ 5 THTL X4 Ap O ffi A
Fig 191240 W0 LT 70w b SRT S, Fig 18 &
OEEIP G, As—xF M & 4 RIBlOEEE LT g
TEITAS o Linh, As L L ST, KB o (ks

Netsu Sokutei 13(2) 1986

T/ RIBF OB R

05 +
0 kﬁ\_f— T
t ' 3
T b H
Eoosp 1oL
f T T r
X b ;
= Lo
g A
£ 15+ 0 !
- ; ‘
T2
=20 b
—_3
0 10 20
103 x9
Fig. 18 Entropy of interface formation vs. mole

fraction curves of l-octadecanol at the
hexane/water interface at constant tem-
perature at 80 MPa: 1, 303.15K;

2, 298.15K; 3, 293.15 K.
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Fig. 19 Volume of interface formation vs. mole
fraction curves of i-octadecanol at the
hexane/water interface at constant tem-
perature at 80 MPa. 1, 303.15 K;

2, 298.15K; 3, 293.15K.
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Fig. 20 Interfacial tension vs. mole fraction
curves of 1-octadecanol at the oil/water
interface at 298.15 K at 0.1 MPa:

1, hexane: 2, cyclohexane; 3, benzene.
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Interfacial tension vs. temperature curves
of 1-octadecanol at the cyclohexane/
water interface at constant concentration
under atmospheric pressure:

1, 103x9=0: 2, 0.138; 3, 0.241; 4,
0.522: 5, 0.732; 6, 1.012; 7, 1.556:
8, 2.065; 9, 2.542; 10, 3.049.
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Interfacial tension vs. pressure curves
of 1-octadecanol at the cyclohexane/
water interface at constant concentra-
tion ar 298.15 K: 1, 10°x0 =10
2,0.199: 3,0.404: 4, 0.910; 5,1.543:
6,1.881; 7,2.030;: 8,2.189; 9, 2.499:
10. 2.729: 11, 3.354; 12, 3.965; 13,
4.560.
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Interfacial tension vs. temperature curves
of t-octadecanol at the benzene/water
interface at constant concentration under
atmospheric pressure: 1, 103.\’? =0:

2, 0.296; 3, 0.987; 4,1.571: 5,2.117;
6, 3.718.

M 45bg
25 . X .
o] 50 100 150
P | MPa
Interfacial tension vs. pressure curves

of l-octadecanol at the benzene/water
interface at constant concentration at
298.15K: 1, 1()3.\‘(1):0: 2, 0.296:
3,0.832; 4,1.159: 5,1.957: 6, 2.850:
7, 3.236; 8, 3.537; 9, 4.198: 10.
4.613; 11, 5.354.
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