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Fig. 2.3a Time dependences of the amount of
n-butyric acid transferred from the aqueous
to the carbon tetrachloride phase at 30°C.

Concn. in the aq. soln.=0.0566 N
Thickness of the layers O, 0.78cm.; @,
1.56cm.; (P, 2.34cm.; ®, 3.12¢m.
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Fig. 2.3b Time dependences of the amount of
n-butyric acid transferred from the aqueous
to the benzene phase at 30°C.

Concn. in the aqg. soln.=0.0503 N
Thickness of the layers: O, 0.78cm.; @,
1.56cm.; (), 2.3dcm.; ®, 3.12cm.
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Fig. 2.4a  Layer-thickness dependence of the
apparent, intial transfer-rate of n-butyric acid
from the aqueous to the carbon tetrachloride
phase at 30°C, determined by extrapolation.

Concn. in the aq.soln.: O, 0.0115N; @,
0.0228N; (D, 0.0566 N; @, 0.1137N
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33



34

4’% 11. 0 A7 2R 4K 4
7 “iﬂ; lr
‘_14 \f 5 kB ,\ <
?&E]H: LS J?) %; I;I ‘J
3 A

;A}f\ﬂf\l—@fgﬂ

ER

LR

“.; ,f< »@ o R «»«f rf]{% < b
I i’L \1 ] l:].‘zlla,’J

B ") U\
ﬂ 4‘]< Ik 7’5‘?‘571

e 24 #
;; 71 L T ‘k fj 2.
\Tﬂ j;ﬂ H.’_ f,( ’?

o R,
K2 z 3 N J;UL

o Zf; B, Zf:z iy

k2 LA RN ,% fﬁ

{l’_ ﬁ,ﬁ

R 2?7791',7.‘)
117(?\“3&/}:
,,\,, 11’{%371%

T fx I 14\

- 1; TarY m ﬂﬂﬁ &1 \7

il ME s Br

f;j/)i’[bz.‘fﬂlirw

S
I~
wx\&

ii_ f.ﬁ ff 7( X7 i/L
3?_ 4 b ﬂ1 m 13 fg <,

if\q(

>\1- LT-

\i’

g Wn \31 ?a] 2 fL n I\ i

# Jem L

j}'t’(
\i 17 Z% !?\?‘c] " 77

.1»: <

L_ oa o f( 3

“L N : “’7 /‘”\

1 ;; /? kR g a

H KB l? 71 ’(. f) K _

n;i’ & 11 l_j 24 a I-_M

L f-_“
L 1 fra <

7.?\7__

n in ,% o
1= l 1? T 3 \ iE

L
v oo

—




35

- emmee

Amount of transfer

L R Y A N N L L X )

Time

Fig. 2.5 Scheme of the deformation by the
disturbance effect in the *‘ideal process.”
1, Indicating extrapolation; 2, With the
disturbance effect ; 3, The ‘“ideal process ™
‘without the disturbance effect
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Fig. 2.6a Layer-thickness dependences of the

initial, average concentration of n-butyric acid
in the carbon tetrachloride phase, determined
by extrapolation, at 30°C.
Concn. in the aq.soln.: O, 0.0114N; @,
0.0228N; (P, 0.0566 N; (», 0.1137N
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Fig. 2,6p Layer-thickness dependences of the:
initial, average concentration of n-butyric acid
in the benzene phase, determined by extra-
polation, at 30°C. |
- Concn. in the aq.soln.: O, 0.0100N; @.

0.0216 N; (D, 0.0503N ; (», 0.1038 N
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Fig. 2.7a Time dependences of the interfacial
tension of the pendant drop, when an aqueous
solution of n-butyric acid and carbon tetra-
chloride were brought into contact with each

other at 30°C.

Concn. in the aq. soln.:
0.0227N; P, 0.0566 N; (@, 0.1137N

O, zero;

o,
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Fig. 2,70  Particulars of the variation of the
interfacial tension in the early stage of Fig.
6a.
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Fig. 2.7c Time dependences of the interfacial
tension of the pendant drop, when an aqueous
solution of n-butyric acid and benzene were
brought into contact with each other at 30°C.

Concn. in the aq.soln.: O, zero; @,
- 0.0206N; (P, 0.0514N; @, 0.1041 N
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Fig. 2.9a Plot of Eq. 2 for the system of an
aqueous solution of n-butyric acid and carbon
tetrachloride at 30°C.



53

w
I

[3%)
I
O

A(cll—K021)/r XlO“, sec./'cm.

| ! |
0 0.1 0.2 03

Fraction of area, @

rig. 2.9b Plot of Eq. 2 for the system of an
aqueous solution of n-butyric acid and ben-
- zene at 30°C.



54
AR
giﬂ - rt% 1 s 7‘-””\ (2 4) Z - 50 I o
‘y\ﬁsf b _wj(r"'”('Q | ’(‘ F(Cu,T) Z_ ?hll

.:1:1::1',1:1’_::::'/25",;:1:/1 /4= ('T 6.—k Cu D) / ( / B3 - D —— —
= f’rg/(/ﬂ‘%’) Bk G/ (1+46) (2:3)

2l T CGiroro % ("1 Fﬂ {’n IR 31

'(&) U T_ F iazT,mf; « ?) y, A1 B (2@

S A, ke ¥ 2RABry RE A0 AAE
-f;( Zl‘( A 37 ') ;642 (; ??\\EJ 75 »’]’ 2 fé?ﬂ{ﬂ'l '\7
0 WL rqfi /i y 5( S @ ‘} g 1t v,g\%, /77 ;— ?;ﬁ
0102 (FH B MR E A 1’ 7 ﬁ ks,
O ER A B i 8020 s (ot
R NQWuoFo s e,

/?az (ZL édl




NN O Kt ?f< # Vi 12 P |7 b fr, o 12 TR(E

6 x Ca e _zg SRS TN

e —— Ao = ﬁko ,‘/( / 4 46’) = ? 7’ 9/ (/ t 55’)
e aﬂ (/=6 exp (fxe )= T exp (- 100

ey ='f..--(4/9)’n(4+49)'—(’1/9)’n(/! 6)

7- (4/9)1,,(41»49)'— (170) In (/)

’\<z O, gL f,_qz,“ Yot 22

3535 20 x 24



56

Table 2.2 Values of x and y (30°C)

A) Aq. soln. of n-butyric acid - CCl4

8 'x10°% (N) x y
0.20 4.95 - 1.26 6.1

' 0.40 3.35 - 0.72 4.8
0.60 3,12 - 0.20 3.8
0.80 3.30 0.41 3.0
average - 0.4 4.4

B) Aq. soln. of n-butyric acid - benzene

6 Tkloz (N) X y
 0.05 15.8 2.61 - 1.89
0.10 15.8 2.77 - 1.66
0.20 16.3 ~ 3.03 - 2.13
0.30 | 19.9 3,36 - 2.97

average 2.94 2.16
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Fig. 2.11 Model of the adsorption state of a n-
butyric acid molecule at the oil-water inter-
face.
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Fig. 3.2a Time dependences of the apparent
transfer-rate of n-butyric acid from the
aqueous phase (c;0=0.0115N) to the carbon
tetrachloride phase in natural, one-dimen-.
sional diffusion at 30°C.

Layer-thickness: O, 0.78cm.; @, 1.56 cm.;
D 2.34cm.; @, 3.12cm.
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Fig. 3.2b Time dependences of the apparent
transfer-rate of n-butyric acid from the
aqueous phase (c;10=0.566 N) to the carbon
tetrachloride phasc in natural, one-dimen-
sional diffusion at 30°C.

Layer-thickness: O, 0.78cm.; @, 1.56cm.;
D, 2.34cm.; @, 3.12cm.
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3.3a Time dependences of the apparent

transfer-rate of n-butyric acid from the

aqueous phase (cjo=0.0216 N) to the benzene

phase in natural, one-dimensional diffusion

at 30°C.

Layer-thickness: O, 0.78cm.; @, 1.56cm.;
D, 2.34cm.; @, 3.12cm.
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3.3b Time dependences of the apparent
transfer-rate  of n-butyric acid from the
aqueous phase (c;0=0.0503 N) to the benzene
phase in natural, one-dimensional diffusion at
30°C.
Layer-thickness: O, 0.78cm.; @, 1.56cm.;
D), 2.3dcm.; @, 3.12cm.
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Fig. 3.4a Relations between the corrected
transfer-rates of n-butyric acid and the
reciprocals of layer-thickness with the time
as a parameter.

System: 0.0216 N aqueous soln. of n-butyric
acid ahd benzene (30°C)
Time: O, 0.60x103sec.; @, 1.20x10%sec.;

@, 3.00x 10% sec.; @, 600 10° sec.
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Fig. 3.4b Relations between the corrected trans-
fer-rates of n-butyric acid and the reciprocals
of layer-thickness with the time as a para-
meter.

System : 0.0503 N aqucous soln. of n-butyric
acid and benzene (30°C)
Time: O, 0.60x10%sec.; @, 1.20x 103 sec.;

D, 3.00x10%sec.; @, 6.00x 103 sec.
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10 Ab
4
30 Ab

4

50 Ab

/4
10Pb

l/4
30Pb

/4

50Pb
”

10 Pc

30 Pc

/4

50 Pc
i
10Vb
/4
30 Vb
V4
50 Vb

V4

Table 4,5.n,ﬁ 2% 1 31 o N

Crox 107
(mol/cm3)
21.92
110.60
20.69 -
104.80
10.39
105.50
5.13
10.55
5.13
50.15
2.09
20.83
10.33
5.29
20.93
5.23
50.11
0.53
2.18
0.54
2.17
0.53
1.99

Qobs

-0.79
-0.82
-0.79
—-0.78
—-0.89
-0.83
-0.73
-0.73
-0.80
—-0.74
—-0.87
—0.86
~0.87
—-1.01
-0.97
—1.01
—-1.01
-0.72
—-0.64
—-0.52
-0.75
-0.87
-0.85

il a) Table 4;1

Qeale ﬁnhs x 103

ﬂcnlc x 10°

-—  (mol/cm?) (mol/cm?)

-0.63
-0.63
—-0.88
—0.88
—0.89
-0.89
-0.70
-0.70
-0.74
-0.74
-0.91
—0.91
—0.80
—1.08
—1.08
—-3.16
-3.16
—0.67
—0.67
—-0.74
-0.74
-0.85
-0.85

17.4
90.9
16.4
81.9
9.2
88.2
3.9
7.6
4.2
42.3
1.9
19.6
9.1
5.3
20.3
5.3
51.2
0.5
2.5
0.6
2.9
0.6
2.6

12.4
4.4
17.1
63.0
9.3
73.6
3.4
6.0
3.4
15.8
2.0
14.2
5.3
4.3
10.0
13.3
59.1
0.9
3.0
0.5
1.8
0.2
1.0
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0.146
0.380
0.116
0.326
0.051
0.298
0.132
0.209
0.132
0.415
0.046
0.256
0.340
0.236
0.419
0.179
0.492
0.085
0.232
0.053
0.173
0.022
0.092
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Fig. 5.6a Time dependences of the thickness of

the diffusion film in fatty acid series of solute
(30°C).
System : O, PB (0.0106 N) ; ®. BuB
(0.0309N); O, PC (0.0053 N) ; ®, BuC
(0.0298 N)
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Fig. 5.6b Time dependences of the thickness of
the diffusion film in fatty amine series of
solute (30°C).

System: (O, P'B (0.0201N); @, Bu'B

(0.0214N) ; @, P'C (0.0096N) ; ®, BU'C

(0.0200 N)
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Fig. 6.1 Time dependence of the amount of transfer of
n-propylamine
Solvent: water, Temperature: SOOC,

Layer-thickness: 3%.22 cm,
2

Interfacial area: 24.8 cm®,

Initial conc.: 42.34)(].0"5 mol/cm3.
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(2)

0.5 1.0

("X 107 (w3 /amo])

Fig. 6.2 Concentration dependence of diffusion coeffici-
ents |

(1): 30wP, 30WB; (2): 30zP, 30ZB, 50WB; (3): 50WP;

(4): 50zB; (5): 50ZP+~ 30 = 3%0°C, 50 = 50°, W = water
(solvent), Z = benzene (solvent), P = n-propylamine,

B = n-butylamine.
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Fig. 6.3 Calculation of kd2 and c'20

System: 30P (the same notaion as in Table 6.1),

¢, = 1.06X10"° mol/cm3.
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Pig. 6.4 Concentration dependences of de

System (the same notation as in Table 6.1):

e(30P), X(50P), ®(30B), A(5038).
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~ Table 6.1 Activation Gibbs energies of desorption(keal/mol)

.Systema) . AG#exp ' Aefcal
30P 16.9 15.7
50P | 17.8 16.3
30B 17.3 16.7
508 17.6 17.3

a) 30 = 30°C, 50 = 50°C, P = n-propylamine, B = n-butyl-
amine; each denotes the transfer process of the amine

through the water-benzene interface.

(1)
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Table 6.2 Measure of the Marangoni effect

5

SYstema) clOXlO c'2o/clO
(mol/cm3)

30P 1.06 0.26 )
" 2.12 0.25
" - 5.15 0.22 > 0-24
" 10.45 0.23

50P 5.25 0.18 )
n 10.36 0.21 p 0.20
" 22.00 0.2% )

30B 2.10 0.09
" 5.23 0.09 }
" 11.05 0.11 0.10
" 21.19 0.11 |

50B 5.29 0.02
" 10.56 0.03 0.04
" 20.86 0.06 T

a) The same notation as in Table 6.1.

(2)
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A 1 1 |
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Time x 1072 (5)

Fig. 6.5 Time dependence of the amount of transfer

System: 30B (the same notation as in Table 6,1),
5 3

c,~ = 21.19X10 ° mol/cm”.
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Table 6.3 Equilibrium Gibbs energies(kcal/mol)

Systema) AGlb) ' 4X¢)
30P - 2.77 - 0.58
50P - 2,77 - 0.25
30B - 2.55 0.25
50B - 2.57 0.66

a) The same notation as in Table 6.1. b) Standard Gipbs energy -
change of solute transferring from Bulk-phase 1 to the

interfacial phase. c¢) Standard GipbS energy change of

solute transferring from Bulk-phase 1 to Bulk-phase 2.

(3)
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i = logyg(Rfem)

- Pig. 6.3.3. Limits of application of the specific

-5

- equations. D, = 10 sz/s; a/q, = 0.5. A: Bulk-

L 1

| diffusional resistance is negligible (Eq. 6.3.17 is

applicable). B: Neither bulk-~diffusional nor

! interfacial resistance is negligible. (: Interfacial

resistance is negligible (Eq. 6.3.16 is applicable).
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Nomenclature
A area of interface; &ngstrom unit (= 4 = 1078 cm);
Ar Helmholtz energy of rotation, A? for

free rotation (cal mole-l)
Cl & 02 local concentrations of solute in bulk phases
1 and 2, respectively, ClO and 020 initial
and C

values, C values immediately next to

1i 21
interface; ClA average concentration of solute
in bulk 1; CéO and Céi concentrations of solute

in the first phase in equilibrium with those in

the second phase, initial (C2O) and immediately

next to interface (CZi)’ respectively (mole cm—3)
Cs concentration of solute in the first phase in
equilibrium with the surface pressure (mole cm_3)
ACl difference in both boundary concentrations in
the diffusion layer of bulk 1 (mole cm-B) |
D1 & D2 diffusion coefficients in bulk phases 1 and 2,
respectively (cmzsec-l)
E energy of rotation, Eg for free rotation (cal mole—l)

(Em)AA interaction energy per mole of a non-polar
solvent (cal mole-l)

(E )AB interaction energy per mole of a non-polar
solute B with a non-polar solvent for infinite

dilution (cal mole—l)

AEgl & AE;é activation energies of desorption from
interface into bulk phases 1 and 2, respectively
(cal mole_l)

AEf} activation energy to transfer through interface

from bulk 1 to 2 (cal mole_l)
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AG:; & AG:E Gibbs energies of activation to adsorbd onto
interface from bulk phases 1 and 2, respectively
(cal mole_l)

Aégl & AGQ} Gibbs energies of activation to desorb from
interface into bulk phases 1 and 2, respectively
(cal molé—l)

AGl standard Gibbs energy of adsorption from bulk 1
to interface (cal mole—l)

AG & 4G' overall Gjbbs energy of adtivation of forward
and backward directions, respectively, AGO
corresponding to AGi = 03 AGi activation Gipbs
energy to transfer through interface; AGbl and
AGb2 activation Gibbs energies to transfer
through the diffusion layer of bulk phases 1 and
2, respectively; 4G|; & 4Gy, activation GjbbS

energies to transfer from an arbitrary site to

an adjacent site in the diffusion layer of bulk

phases 1 and 2, respectively; AGO, AGl, ...,AGn_l

activation Gjpbs energies of forward direction;

AG!, A4G!

51 eee s 4G! activation Gibps energies of
backward direction (cal mole—l)
Hr Hamiltonian of rotation, Hg for free rotation
J velocity of steady-state rate process (mole cm_BSec—l)

distribution coefficient, Ko'for infinite
dilution (dimensionless) -
N Avogadro number (= 6.025X1023)

P jonization potential (= h?; erg)
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R gas constant (= 1.986 cal deg—lmole_l or 8.314X107
ergs deg-lmole_l); radius of sphere

[R1] molar refraction (cm3)

Sp entropy of rotation, S: for free rotation

(cal deg-lmo].e'—l )

A331 & Aszé entropies of activation to desorb from
interface into bulk phases 1 and 2, respectively
(cal deg_lmole_l)
T temperature (°k)
U, &, reduced concentrations (= rC, and rc, respective-
ly; mole cm—z) |
N Cibbs energy of attractive interaction between
two adjacent adsorbed molecules (cal mole—l);

volume

a; & a, local activities of solute in bulk phases 1 and

2, respectively, aq and 8,3 values immediately

next to interface; agr 2 a, activities

g oo 9
at coordinates, initial,lintermediate and final
potential-minimums (mole cm—3)

b dimensionless constant (Eq. 1 on p. 10 in this
thesis)

c. & c. local concentrations of solute in bulk phases 1
and 2, respectively, Cyi and oy values immedi-
ately next to interface, c10 initial value of ¢y
(mole cm—3)

h Planck's constant (= 6.624X1527

erg sec)
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apparent rate constant transferring through

interface (cm sec_l); Boltzmann constant (= R/N

= 1.38X10_l6 erg deg—l); k1 and ka2 rate con-

stants of adsorption onto interface from bulk
phases 1 and 2, respectively (cm sec_l); kg %

kd2 rate constants of desorption from interface
-1
).

into bulk phases 1 and 2, respectively (mole cm_zsec ;

k!'. & k!
al a2

onto interface from bulk phases 1 and 2, respec-
. -1

tively (sec 7); ki, & kio

of desorption from interface into bulk phases 1

specific rate constants of adsorption
specific rate constants

and 2, respectively (sec—l)

amount of solute (mole)

coordinate number of the i-th molecules

numbers of sites required to transfer through
the diffusion layer of bulk phases 1 and 2,
respectively (nbl =n,, = n)

fraction; Pgy Pe & p, angular momentums
rotational partition function of a molecule, q,
for free rotation (dimensionless)

transfer rate through interface (mole secql), r,
and T, Pper unit of area (mole cm—zsec—l);
distance from the center of sphere; Ty distance
between the i-th and the center molecules

number of nearest neighbors of adsorbed molecules
in a saturated state

time
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X distance from interface; dimensionless constant
concerning the interaction among adsorbed mole-
cules, x; and X, ibid. (Eq. 1 on p. 46 in this
thesis)

¥y V1 & Y, dimensionless constants concerning the inter-
action among adsorbed molecules (Eq. 1 on p.46

in this thesis)

B amount of adsorption, [eo limiting value in a
saturated state (= 6.83x107 0
normal fatty acids); [7; and ré net amounts of

moles — for

solute adsorbed by interface per unit of area

from bulk phases 1 and 2, respectively (mole cm—2)

¢hA force constant between non-polar solvent mole-
cules (= (3/4)h11012; dyne cm7)
¢QB force constant between non-polar solvent and
non-polar solute molecules (= (3/2)0E%Bh2Ah§%/(h)l +
1
+ hVé); dyne cm')

& factor specifying boundary conditions (Eq. 3 on
p. 47 in this thesis; dimensionless), &, appro-
ximate value; polarizability (= 3[R1/47N; cm3)

/3 factor specifying boundary conditions (Eq. 3 on

-3,

p. 47 in this thesis; mole cm ﬂo approximate
value, f; calculated for t = t; (i=1, 2, ... , n),
/3 average value (= (/a + ﬁ%)/Z),‘@B deviation

(= 18] = Ayl)

5 thickness of interfacial phase
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n | constant independent of distance from interface
(Eq. 6 on p. 47 in this thesis; cm—l)

e fraction of area covered by adsorbed molecules,
Gﬁ and E% corresponding fractions calculated by
assuning equilibrium with concentration immedi-
ately next to interface in the aqueous and the
non-aqueous bulk phases, respectively; angular
coordinate of rotation; 8,, GB and GC characte-
ristic temperatures of rotation for the principal
moments of inertia around the center of mass

«ax = h2/8m21Xk, Iy being a principal moment of
inertia; °K)

r;z & khz transmission coefficients (dimensionless)

A length of adsorption path,‘Al and AZ from the
boundary site of bulk phases 1 and 2 to inter-

face, respectively; angular coordinate of rota-

tion

1% intrinsic oscillation number of an electron
system (sec_l)

g constant independent of distance from interface
(Eq. 6 on p. 47 in this thesis; mole cm—3)

G . symmetry number

T Traube's constant (= - (d77dc)c=0, here Y is the

interfacial tension, and ¢ is the concentration
of solute; dyne cm2mole-l); T coefficient repre-
senting equilibrium-relation betﬁeen cy and S
(c1i = 7'©; mole cm—3),ng limiting value for
infinite dilution

@ angular coordinate of rotation
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ax standard Gibbs energy of overall transference;
standard Gibbs energy of transference from bulk 1
to 2 (cal mole™l)

Sblo( & 5026 potential energies provided by interaction
between group & and bulk 1 and between group g
and bulk 2, respectively (cal mole—l)



