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P® vapor pressure of pure component /

q pure-component area parameter

R universal gas constant

r pure-component volume parameter

T absolute temperature

v true molar volume of alcohol mixture

ve true molar volume of pure alcohol solution

vt molar volume of pure liquid /

' liquid mole fraction

1'% vapor mole fraction

z coordination number equal to 10

Greek Letters

o7, liquid-phase coefficient

6 area fraction

0p, 0y  Standard deviations in pressure and temperature

Oy, Oy standard deviations in liquid and vapor mole fractions

T exp(-a/T)

o, fugacity coefficient of component /

o,° fugacity coefficient of pure component / at its satu-
ration pressure

®,, 5, segment fractions ot components A, B, and C

P, segment fraction of alcohol monomer

®° A, segment fraction of alcohol monomer in pure aicohol
solution

$op segment fraction of chloroform monomer in mixture

$oc segment fraction of benzene monomer in mixture

Reglstry No. 2-Propanol, 67-63-0; chloroform, 67-66-3; benzene, 71-
43-2.
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Liquid-Liquid—Vapor Immiscibility Limits in Carbon Dioxide +

n-Paraffin Mixtures

David J. Fall, Jalmle L. Fall, and Kraemer D. Luks*

Department of Chemical Engineering, The Unlversity of Tulsa, Tulsa, Oklahoma 74104

Liquid-liquid-vapor equilibria for the binary systems CO,
+ n-nonadecane and CO, + n-heneicosane were studled.
Liquid-liquid-vapor data on the binary mixture CO +
n-eicosane were also taken and compared with an earlier
study in the lterature. For the homologous series of
n-paraffing it appears that the extent of the
liquid-liquid-vapor immiscibliity decreases from a
maximum at carbon number 14 to carbon number 21.

The liquid-liquid-vapor locus has a length of about 3.0 K
for CO, + n-heneicosane and Is nonexistent for carbon
number 22 and higher. Also studied were
solld-liquid-vapor equilibria for CO, + n-nonadecane and
CO, + n-henelcosane and Hiquld-vapor Isotherms for CO,
+ n-nonadecane at 40 and 60 °C and CO, +
n-henelcosane at 45 and 65 °C.

Introduction

In this paper we report on the occurrence of liquid-liquid-
vapor (LLV) equilibria in the homologous series of binary CO,
+ n-paraffin mixtures. Specifically, phase equilibria data are
presented that identify the limit of LLV immiscibility in this series
of mixtures. In addition to the LLV data on the binary systems,
liquid—vapor (LV) and solid-liquid—vapor (SLV) data are also
presented. These data are helpful in understanding the oc-
currence of LLV behavior in complex mixtures such as CO, +
oil systems that are encountered in CO,-enhanced recovery
processes. A quantitative description of these binary systems
is useful in supporting the development of equations-of-state
purporting to be applicable to these multicomponent systems.

LLV immiscibility has been observed in CO, + n-paraffin
binary systems ranging from n-heptane (7) to n-eicosane (2).
Schneider et al. (3-5) performed early studies showing LLV
immiscibility in the CO, + n-paraffin binary systems with n-
octane, n-undecane, n-tridecane, and n-hexadecane. Hottovy
et al. (6) detalled the LLV behavior of the binary systems
containing n-dodecane to n-pentadecane, while Kulkarni et al.
(7) studied the CO, + n-decane system along its multiphase
loci, including LLV. It was learned from the Hottovy and
Schneider studies that there is a transition in the nature of the
LLV loci between the n-tridecane and n-tetradecane species
and that the greatest extent of LLV locus occurs with n-tetra-
decane, which had an LLV locus extending from an upper
critical end point, or K point (L-L=V), at 311.15 K to a quad-
ruple point, or Q point (SLLV), at 269.10 K.

Obviously, the occurrence of LLV behavior in the CO, +
n-paraffin binary system homologous series must eventually
disappear as the molecular nature of the CO, and the n-paraffin
become too diverse to support the existence of an LLV locus.
In particular, if the triple point of the n-paraffin occurs at a
temperature too far above the critical point of CO,, then the
binary SLV locus that evolves from the triple point of the n-
paraffin will be located too high in temperature to form a lower
terminus (SLLV) to an LLV locus.

In this paper, data will be presented for the binary systems
CO, + n-nonadecane and CO, + n-heneicosane along their
LLV loci and compared with earlier studies on the binary sys-
tems CO, + n-eicosane and CO, + n-docosane. Also pres-
ented will be the data along the SLV loci of these binary sys-
tems and along two nearby LV isotherms for each of the sys-
tems. A discussion will follow focusing on the relative location
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in thermodynamic phase space of the LLV and SLV three-
phase loci for the homologous series of CO, + n-paraffin binary
systems, which determines the LLV immiscibllity limit in the
series of systems.

Experimental Apparatus and Procedures

A detailed description of the experimental apparatus is given
in an earlier paper by us (8). The procedures for performing
SLV and LV studies are presented in the same reference.
Briefly summarizing those procedures, for an LV study, a known
amount of a n-paraffin is placed in a 7.5-mL visual (glass)
equilibrium cell. During an experimental run, measured amounts
of CO, gas are added to the thermostated visual cel from a
high-pressure bomb by means of a manual (Ruska) pump. By
a careful mass balance, the moles of CO; in the liquid phase
can be determined (the vapor phase is assumed to be pure CO,
due to the low volatility of the n-paraffins in this study at the
temperatures of interest). An SLV study is conducted in a
similar manner but with a trace amount of solid phase (n-
paraffin) being present in equilibrium with the liquid and vapor
phases.

In doing an experimental LLV run, one takes conjugate
measurements at a given temperature, in which one mea-
surement has a large amount of L, relative to L, present
(“L,dominant”) and the second measurement has L, > L,
(“L,-dominant”). Lever principles (mass balances) can be ap-
plied so that compositions and molar volumes of L, and L, can
be computed. The equations that result from the lever principle
analysis are presented in the Appendix. The termination points
of the LLV loci are determined individually by straightforward
visual observation.

Temperature is measured with a Pt-resistance thermometer
to an estimated accuracy of £0.02 K while pressure is mea-
sured to +0.07 bar (1 psia) with pressure transducers which
are frequently callbrated against an accurate dead-weight
gauge. Phase volumes in the calibrated visual cell are deter-
mined by a cathetometer to an accuracy of + 0.005 mL.

Materlals

The n-nonadecane and n-heneicosane were purchased from
Alfa Products with a stated purlty of 99%. Their metting points
were determined to be 31,87 £ 0.05 and 40.16 + 0.05 °C,
respectively. The n-eicosane was purchased from Aldrich
Chemical Co., Inc., with a stated purity of 99%. Its melting
point was determined to be 38.75 £ 0.05 °C. All the n-
paraffins were used without further purification.

The CO, was obtained from Air Products and Chemicals, Inc.
as “Coleman Grade” with a purity rating of 99.99%. It was
transferred to an initially evacuated storage bomb as a liquid
at about 0 °C. In this two-phase condition, the vapor phase
was vented and discarded to remove light gas impurities.
Samples of the remaining CO, were liquefied in the visual cell
at 25.00 °C and the pressure difference in the bubble and dew
points was observed. This procedure generally produced a CO,
supply with a pressure difference ranging from 0.5 to 2.0 psi.
The vapor pressure at 25.00 °C and the critical temperature
and pressure agreed with the literature values (9) to within
£0.07 bar (1 psia) and £0.08 K, which is within the experi-
mental accuracy of the visual cell technique in question for
determining the location of a pure-component critical point.

Table I presents raw data for the liquid-phase composition
and molar volume of the binary LV system CO, + n-nonade-
cane at 40 and 60 °C. Table II presents raw data for the SLV
locus of the same binary system. Figures 1 and 2 show the
composition and molar volume data of Tables I and II collec-
tively.
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Table I. Pressure, Liquid-Phase Composition, and Molar
Volume Raw Data for Liquid-Vapor Isotherms of Carbon
Dioxide + n-Nonadecane

molar vol,
press., bar [CO,), mole fraction mL/(g-mol)
Temperature = 40 °C (313.15 K)

11.18 0.1335 306.0

12.83 0.1540 300.4

20.79 0.2378 275.1

23.92 0.2728 264.8

30.65 0.3328 247.0

36.40 0.3841 231.2

41.53 0.4253 219.4

49.84 0.4895 200.3

61.71 0.5695 175.4

62.29 0.5742 174.8

70.95 0.6290 158.4

71.81 0.6342 156.4

79.05 0.6770 144.6

Temperature = 60 °C (333.15 K)

9.36 0.0899 325.0
11.03 0.1077 317.9
14.53 0.1512 304.0
18.97 0.1906 294.2
21.87 0.2153 285.5
25.37 0.2509 273.9
28.54 0.2749 268.1
31.85 0.3004 259.3
35.88 0.3348 248.4
38.16 0.3483 245.1
41.99 0.3748 236.1
45.64 0.4039 227.2
49.42 0.4248 221.9
52.37 0.4435 215.2
55.86 0.4691 207.2
59.20 0.4848 203.5
62.98 0.5087 195.3
66.56 0.5293 188.8
69.39 0.5409 186.2
73.02 0.5621 178.7
75.89 0.5768 174.5
79.58 0.5912 170.8
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Figure 1. Pressure vs. liquid-phase mole fraction of CO, for the binary
system CO, + n-nonadecane (14.5 psia = 1 bar).



84 Journal of Chemical and Engineering Data, Vol. 30, No. 1, 1985

Table II. Temperature, Pressure, Liquid-Phase
Composition, and Molar Volume Raw Data for the
Solid-Liquid-Vapor Locus of Carbon Dioxide +
n-Nonadecane

[CO,], mole molar vol,
temp, K press., bar fraction mL/(g-mol)
302.86 10.40 0.1439 301.0
301.56 16.06 0.2134 280.9
300.45 21.13 0.2892 255.1
299.94 24.06 0.3215 246.8
298.86 28.25 0.3614 235.5
298.77 29.90 0.3822 228.4
297.42 34.53 0.4420 208.6
297.32 35.10 0.4459 208.6
295.99 40.94 0.5063 192.2
294,78 46.24 0.5691 173.9
294.69 47.40 0.5867 165.2
294.01 50.36 0.6224 156.0
293.23 54.42 0.6702 143.7
293.31 54.61 0.6710 143.3
292.88 57.18°
¢ Q-point location, L; phase dominant.
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Figure 2. Pressure vs. liquid-phase molar volume for the binary system
CO, + n-nonadecane (14.5 psia = 1 bar).

Tables I1I and IV are analogous to Tables I and II for the
binary system CO, + n-heneicosane, with Table III being LV
raw data at 45 and 65 °C. Figures 3 and 4 graphically illustrate
the data in Tables III and IV.

For all of these raw data, it is assumed that the gas phase
is pure CO,. The temperatures should be good to *0.01 K for
the LV equilibria and +0.03 K for the SLV equilibria. All
pressures are estimated to be good to £0.07 bar (1 psia). For
the LV studies the liquid-phase mole fractions should be good
to £0.002, and the liquid-phase molar volumes should be good
to £1.2 mL/g-mol. These estimates are based on the average
absolute deviations (AAD) of the LV raw data from the smooth
curves shown in Figures 1-4; the AAD for the liquid-phase mole
fractions is 0.0019, while the AAD for the liquid-phase molar
volumes is 1.0 mL/g-mol.

The goodness of the SLV raw data is somewhat less than
that of the LV data due to the added difficulty of determining
SLV equilibria points in the visual cell. In these studies, the

Table III. Pressure, Liguid-Phase Composition, and Molar
Volume Raw Data for Liquid-Vapor Isotherms of Carbon
Dioxide + n-Heneicosane

molar vol,
press., bar [CO,], mole fraction mL/{g-mo})
Temperature = 45 °C (318.15 K)
11.45 0.1402 333.5
22.26 0.2565 295.2
26.86 0.3004 277.9
31.85 0.3451 266.3
36.62 0.3859 249.3
42.40 0.4302 238.1
44.48 0.4472 228.9
51.97 0.4979 215.2
56.61 0.5308 201.3
62.36 0.5629 193.3
65.60 0.5850 183.1
73.68 0.6257 172.2
717.59 0.6496 161.3
Temperature = 65 °C (338.15 K)

9.31 0.0999 355.3
14.07 0.1460 340.7
19.99 0.2074 318.3
25.76 0.2536 303.7
32.99 0.3142 282.2
36.79 0.3397 273.8
47.32 0.4119 249.1
47.36 0.4106 248.8
57.97 0.4745 227.3
65.27 0.5088 2154
67.15 0.5256 209.6
77.68 0.5704 193.8
78.20 0.5786 190.8

Table IV. Temperature, Pressure, Liquid-Phase
Composition, and Molar Volume Raw Data for the
Solid-Liquid-Vapor Locus of Carbon Dioxide +
n-Heneicosane

[CO,], mole molar vol,
temp, K press., bar fraction mL/(g-mol)
311.24 10.94 0.1468 329.1
310.73 14.76 0.1881 317.7
309.14 22.53 0.2841 282.3
308.07 29.81 0.3543 260.3
306.88 34.76 0.4167 237.1
305.47 43.30 0.4863 216.6
304.42 47.83 0.5376 196.5
303.26 55.48 0.5948 180.9
302.20 62.95 0.6647 154.9
301.89 65.80 0.6798 152.5
301.49 69.39¢
301.51 69.34°

2Q-point location, L; phase dominant.

liquid-phase mole fractions should be good to +0.003 (AAD =
0.0027), and the liquid-phase molar volumes should be good to
£2.5 mL/g-mol (AAD = 2.3 mL/g-mol).

Raw data for the LLV loci of CO, + n-nonadecane and CO,
+ n-heneicosane are presented in Tables V and V1. Graphs
of the L, and L, composition and molar volume data for these
two binary systems are presented in Figures 5-8. Additionally,
LLV data were taken for the binary system CO, + n-eicosane,
a system studied previously by Huie et al. (2). Raw data for CO,
+ n-eicosane are given in Table VII. The mole fractions
reported should be good to %0.001 while the molar volumes
shouid be good to +£1.0 mL/g-mol. The AAD for both the
compositions of L, and L, is 0.0008, while the AAD's for the
molar volumes of L, and L,, respectively, are 0.8 and 0.5
mL/g-mol. As before, the AAD's are based on a comparison
of the raw data with the smoothed curves as given in Figures
5-8.

The data of Huie et al. (2) agree reasonably well with our
data given in Table VII. Absolute deviations in the composition
of L, are no more than 0.01, while molar volumes agree to
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Figure 3. Pressure vs. liquid-phase mole fraction of CO, for the binary
system CO, + n-heneicosane (14.5 psia = 1 bar).
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Figure 4. Pressure vs. liguid-phase molar volume for the binary system
CO, + n-heneicosane (14.5 psia = 1 bar).

within £3%. It should be noted that the purity of the n-eico-
sane used herein is probably superior to that used by Huie et
al.; minor discrepancies have been found earlier in the Huie et
al. data (8).

Remarks

The data in Tables II and IV-VII and ref 2 and 8 demon-
strate that the heaviest n-paraffin to be LLV immiscible with
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Figure 5. Composition as a function of temperature for the L, and L,
phases for the LLV locus of CO, + n-nonadecane.
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Figure 8. Molar volume as a function of temperature for the L, and
L, phases for the LLV locus of CO, + n-nonadecane.

CO, is that of carbon number 21, n-heneicosane. This can be
readily seen if one examines the relative positions of the SLV
and LLV loci for each binary system, as illustrated in Figure 9.
The LLV loci for the binary systems are almost coincident, and
the upper critical end points (K points, or L-L=V) are close
together, their temperatures decreasing with increasing carbon
number. The location of the Q points is more sensitive to
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Table V. Raw Data for the LLV Locus of the Binary System CO, + n-Nonadecane

L, phase L, phase
temp, K press., bar [CO,}, mole fraction molar vol, mL/(g-mol) [CO,], mole fraction molar vol, mL/(g-mol)

292.88 56.68°

293.23 57.14 0.7052 133.0 0.9955 57.1
293.40 57.41 0.7071 131.1 0.9969 55.3
293.54 57.47 0.7052 131.8 0.9951 57.0
293.81 57.96 0.7052 133.1 0.9957 57.5
294.49 58.80 0.7068 131.5 0.9951 57.7
294.81 59.31 0.7068 132.8 0.9959 58.1
294.95 59.53 0.7095 130.6 0.9971 56.3
295.65 60.46 0.7078 132.7 0.9963 58.6
296.40 61.54 0.7133 129.7 0.9973 57.2
298.32 64.33 0.7165 129.0 0.9975 58.8
299.77 66.56 0.7181 128.7 0.9979 60.4
299.79 66.19 0.7165 129.4 0.9958 62.4
301.52 69.13 0.7206 128.1 0.9988 62.4
301.79 69.43 0.7195 128.6 0.9964 65.3
302.39 70.53 0.7237 127.3 0.9988 64.1
303.60 72.58 0.7228 127.6 0.9990 67.0
304.17 73.21 0.7209 128.6 0.9969 71.5
305.47 75.81°

305.51 75.75°

4Q-point location, L, phase dominant. ®K-point location, L; phase dominant.

Table VI. Raw Data for the LLV Locus of the Binary System CO; + n-Heneicosane

L, phase L, phase
temp, K press., bar {CO,), mole fraction molar vol, mL/(g-mol) [CO,], mole fraction molar vol, mL/(g-mol)

301.47 69.22?

301.51 69.34¢

301.78 69.75 0.7087 142.6 0.9976 65.7
301.89 69.93 0.7077 143.7 0.9993 64.4
302.17 70.41 0.7096 142.4 0.9977 66.7
302.33 70.66 0.7084 143.1 0.9995 65.3
302.63 71.13 0.7092 142.8 0.9978 67.6
302.81 71.44 0.7092 1429 0.9995 66.5
303.08 71.84 0.7091 142.9 0.9979 68.8
303.37 72.33 0.7095 142.9 0.9996 68.2
303.61 72,75 0.7090 143.3 0.9997 68.9
303.87 73.19 0.7086 143.4 0.9983 72.1
304.97 74.99°

304.98 75.07¢

¢ Q-point location, L, phase dominant. ®Q-point location, L, phase dominant. ¢K-point location, L; phase dominant. ¢K-point location,

L, phase dominant.
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Figure 7. Composition as a function of temperature for the L, and L,
phases for the LLV locus of CO, + n-heneicosane.

carbon number. Each Q point is the junction of the SLV locus
and the LLV locus, and the position of the SLV locus is gov-
erned to a large degree by the location of the triple point of the
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Figure 8. Molar volume as a function of temperature for the L, and
L, phases for the LLV locus of CO, + n-heneicosane.

n-paraffin which is its lower terminus. As the carbon number
increases, so does the triple point temperature. For carbon
number 22, n-docosane, the SLV locus passes above the re-
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Table VII. Raw Data for the LLV Locus of the Binary System CO, + n-Eicosane

L, phase L, phase
temp, K press., bar [CO,}, mole fraction molar vol, mL/(g-mol) [CO,], mole fraction molar vol, mL/(g-mol)
300.33 67.34¢
300.39 67.51 0.7162 134.9 0.9986 61.4
300.53 67.66 0.7168 134.8 0.9985 61.6
300.63 67.71 0.7150 136.1 0.9986 61.5
300.73 67.94 0.7160 135.1 0.9986 61.9
301.12 68.42 0.7166 135.4 0.9987 62.3
301.17 68.73 0.7162 135.3 0.9985 62.6
301.42 68.86 0.7169 135.3 0.9987 62.7
301.52 69.22 0.7159 135.5 0.9987 63.0
301.62 69.42 0.7148 133.7 0.9973 65.0
301.89 69.77 0.7153 135.8 0.9990 63.6
302.11 70.19 0.7151 136.0 0.9990 64.1
302.13 69.89 0.7152 136.3 0.9988 64.0
302.46 70.71 0.7147 136.4 0.9997 64.7
302.78 71.20 Q0.7162 135.8 0.9998 65.5
303.06 71.66 0.7152 136.2 0.9998 66.3
303.28 71.84 0.7164 131.7 0.9998 66.7
303.36 72.13 0.7147 136.7 0.9976 68.1
303.50 72.45 0.7123 135.4 0.9977 69.7
304.10 73.48 0.7141 134.8 0.9981 72.4
304.60 74.28 0.7161 133.9 0.9985 749
305.24 75.40°
¢Q-point location. ® K-point location.
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Figure 9. Pressure-temperature plot of the SLV and LLV loci for CO,
+ n-paraffin binary systems with carbon numbers 19-22.

gion where the K-point terminus of the LLV locus is usually
found, and consequently no LLV locus occurs.

Appendix

Mass Balances for the LLV Problem. It is assumed
throughout that the vapor phase is pure CO, of known com-
pressibility factor z and volume V,. Thus, the mass balance
will apply only to the two liquid phases L, and L,. For a binary
system, the LLV locus has one degree of freedom. If one fixes
the temperature T along the locus, one has an invariant state.
The procedure for experimentally determining the compositions
of L, and L, of the particular state of interest is to perform two
experiments at a given fixed temperature, one with V| >> V,
(“Lydominant experiment”) and the other with V, > V
(“Lo~dominant experiment”). Denote the information for these
two experiments by superscripts 1 and 2, respectively.

For each of the experiments we know the following: Nror
= total number of moles in L; + L,; x, = overall CO, mole
fraction in L, + L,; V| = volume of L, phase; V= volume
of L, phase. Let v, be the mole fraction of CO, In L, and w,
be the mole fraction of CO, in L,. v, and w, do not vary

these four equations leads to the compositions of L, and L,:
x4V = O BNR / BN )

1 = (N3 / BNy
P )

1 - (N /NGy

U1=

In turn, it follows that

wi-x,"

N O=p

Ly ot w, - u,
2

@ - 2 x4 -y,

NLz - M’&T Wi - Uy

which yield the L, and L, molar volumes as

1 1
v /N O

Vi

1

VL VL2<2)/NL2(2)

2

Reglstry No. CO,, 124-38-9; nonadecane, 629-92-5; heneicosane,
629-94-7; eicosane, 112-95-8.
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Solubilities of Toluene and n-Octane in Aqueous Protosurfactant and

Surfactant Solutions

Patience C. Ho

Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831

The solubliities of toluene and n-octane in aqueous
protosurfactant and surfactant solutions were determined
at 25 °C. The protosurfactants studied are sodium salts
of cyclohexanecarboxylic acid,
2,5-dilsopropyibenzenesulfonic acid, and
3,5-dilsopropylsalicylic acid. Each of them has six alkyl
carbons (S ,c = 6) and does not form micelles in water.
The two micelle-forming surfactants used are sodium
n-hexanoate with six alkyl carbons (S, = 6) and sodium
n-octanoate with eight alkyl carbons (S,c = 8). In
three-component systems of toluene or n-octane with
water and organic sait (either protosurfactant or
surfactant), the solubllity of the hydrocarbon in the
aqueous phase Increases as the number of alkyl carbons
of the organic salt and as the aqueous concentration of
the organic salt increases. However, In this study we
found that sodium 3,5-dlisopropylsalicylate causes much
more pronounced Increases In hydrocarbon solubliity than
these two surfactants. Sodlum
2,5-dlisopropylbenzenesulfonate, although not as effective
In solubllization as the salicylate, has much stronger
hydrotropic properties for hydrocarbons than either of
these two surfactants. Sodium cyclohexanoate, with a
compact arrangement of the six alkyl carbons, shows a
higher hydrotropic effect than sodlum n-hexanoate.

Introduction

In two previous papers (7, 2) we have presented the hy-
drotropic effect of low-equivalent-weight organic saits,
“protosurfactants”. In this paper we compare the hydrotropic
effect of three protosurfactants with two low-equivalent-weight
surfactants.

The three protosurfactants are sodium 2,5-diisopropyl-
benzenesuifonate, sodium 3,5-diisopropylsalicylate, each of
which has six alkyl carbons on the benzene ring, and sodium
cyclohexanoate, which also has six alkyl carbons. The two
alkyl-substituted aromatic sulfonate and hydroxybenzoate may
form small aggregates (3), but there is no evidence of micellar
formation. Sodium cyclohexanoate, which has a compact ar-
rangement of the six alkyl carbons, also does not form micelles
(4). The two surfactants chosen to study are sodium n-hexa-
noate with six alkyl carbons and sodium n-octanoate with eight
alkyl carbons. Although there appears to be no definite cmc
(critical micellar concentration) value for sodium n-hexanoate,

it is reported to form small aggregates at lower concentration
(5-7), which increase to the micellar range as the concentra-
tion increases (above 1.2 M) (6), and become quite large at high
concentration (6, 7). Sodium n-octanoate forms moderate-size
micelles at lower concentration (the cmc of octanoate at 25 °C
is reported to be 0.39 mol/(kg of H,0)) (8) and the micelle
number is said to increase approximately linearly with con-
centration relative to the cmc (9).

The primary goal of this study is to compare the hydrotropic
effect (or solubilization of hydrocarbons in water) of these or-
ganic salts (protosurfactant and surfactant) with an equivalent
number of alkyl carbons but different structural arrangement.
The solubilities of toluene and n-octane in aqueous solutions
of either sodium n-hexanoate or sodium n-octanoate were
found to be much lower than in aqueous solutions of sodium
2,5-diisopropylbenzenesulfonate and sodium 3,5-diisopropyi-
salicylate at corresponding aqueous concentrations.

Experimental Section

Materlals. The source of toluene, sodium 2,5-diisopropyi-
benzenesulfonate, and sodium 3,5-diisopropylsalicylate used in
this study can be found inref 7 and 2. Sodium n-hexanoate
(Tokyo Kasei/TCI), sodium n-octanoate (BDH Lab), and n-oc-
tane (Aldrich) were used as received without further purification.
Cyclohexanecarboxylic acid (Fluka AG) was converted to the
sodium salt by titration to pH 7 with 10% NaOH. After the
titration the solutions were filtered and washed several times
with CHCI; to remove excess acid and the sait was crystallized
after volume reduction. The crude product was recrystallized
2 more times from water. Analysis of this sait was done by
Galbraith Laboratories, Inc., Knoxville, TN, and the resuits are
as follows. Anal. Calcd: C, §5.97; H, 7.39. Found: C, 55.94;
H, 7.41.

The aqueous organic salt solutions were prepared with dis-
tiled water, and concentrations are expressed in terms of
molality, m (mol/(kg of H,0)).

Methods. The hydrocarbon-saturated aqueous solutions
were prepared as follows: In a 6-mL Hypo-vials (Pierce), 1 mL
of hydrocarbon was added to 2 mL of distilled water or aqueous
salt solutions; then the vials were sealed with neoprene septa
(Pierce) and aluminum seals. The vials were shaken vigorously
for ca. 10 min and put upside down into a test tube which was
set inside a 25 = 1 °C water bath for equilibration for at least
4 days. In between, the vials were shaken gently several times
in order to get rid of any tiny hydrocarbon drops from the
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