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Abstract

The micellar molecular weights (MMW) and
the critical micelle concentration (CMC) of the
homogeneous phase of the cationic coacervating
soap system, Hyamine-1622, as a funection of NaCl
concn and temp were determined from light scat-
tering and refractive index measurements. At
constant temp, an overall two-stage growth proe-
ess is indicated in this system. At low NaCl
conen, the micelle grows to a limiting isotropie
structure. At higher NaCl conen, the micellar
growth is an exponential function of the NaCl
conen. Temp studies of the CMC provide the
basis for calculating values of the heats of micel-
lization, AH,, in a limited range of NaCl conen
(0-0.06M). The temp dependence of the MMW at
fixed NaCl concen in the range of 1747C is an
exponential funection and plots of log (MMW)
vs. 1/T give straight lines with positive slopes.
At low NaCl conen (0-0.8M), where there is an
effective charge on the micelles, these slopes are
small. At high NaCl concen, where the micelles
approach zero effective charge (theta conditions),
the slopes inerease abruptly and remain approx
constant over a wide range of NaCl conen (0.08—
0.24M).

Introduction

THE SEPARATION of aqueous soaps into two solution
phases (coacervation) occurs for a number of
cationic and anionic soap (1,2) solutions with the
addition of simple electrolyte to these solutions. The
homogeneous phase of several cationic soaps, which
form coacervates, show two pronounced effects prior
to two phase formation (3): a) at low electrolyte
concn the degree of micellar ionization is critically
suppressed, and b) the soap micelles grow to a size
which is of the order of 102-2x102 fold larger than
the micelles in an electrolyte-free solution. An ad-
ditional effect has been observed. Intermediate be-
tween zero electrolyte conen and the critical electro-
lyte conen (CEC) a mnarrow electrolyte transition
range (ETR) may be identified (Fig. 1) for each
coacervating system at a fixed temperature (3) in
which light scattering, viscosity and diffusion studies
indicate an apparent transformation of the micellar
species from an essentially isotropic to an anisotropic
entity.

In the theoretical treatment of micelle formation
in soap systems, micellization is assumed to occur
in terms of competitive energetic effects. The energy
released by the aggregation of the hydrocarbon chains
of the soap monomers is sufficient to overcome the
electrostatic repulsion of the ionic groups and to
balance the decrease in entropy aceompanying the
aggregation. The following expression for the critieal
micelle conen has been found to apply to a large num-
ber of ionic micellar systems (4,5).

1n(CMC) = —kg1nC: + const. f1]

where C; is the gegen ion concentration and k, is an
experimental constant with a value in the range of

1This work is submitted in partial fulfillment of the requirements
for the degree of Doctor of Philosophy in Chemistry from the Poly-
technic Institute of Brooklyn.
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0.4-0.6. For a large number of soaps, the temp coef-
ficient of the CMC in these systems is small indicating
that the energies involved in the aggregation process
are relatively small.

There are two main directions in which the thermo-
dynamic treatment of micelle formation has been
developed: a) the micellar aggregation is treated as
a micelle-monomer equilibrium governed by the mass
action law (6,7,8,9), and b) the micelle is regarded
as a separate phase in equilibrium with the free
detergent molecules at constant activity (10,11,12).
It has been demonstrated that in prineciple both
treatments may be regarded as identical (5). If the
aggregation number is small or if the change in
aggregation number affects the thermodynamic func-
tions appreciably the mass action model for micelle
formation may be used. If the aggregation number
is very large the separate phase model of the
micelle may be applied.

The ultrafiltration and solubilization studies of
Hutchinson, Inaba and Bailey (12,13) support the
two-phase treatment of micellar systems. The ultra-
filtration measurements show that the osmotic pres-
sure of detergent solutions above the CMC is rela-
tively constant, indicating that the free detergent
molecule concn is nearly constant. If the composition
of the solvent is specified, the CMC will be a function
of temp and pressure only. For a given solvent, the
composition of the micelle will also be fixed by the
temp and pressure. ’

Treating the micelle as a separate phase with con-
stant activity (5), and ignoring small deviations from
ideality, Stainsby and Alexander (10) developed the
following equation for the heat of micellization:

AH,, = —RT*91n(CMC) /0T 2]

Matijevié and Pethica (14) proposed an expression
similar to equation [2] for ionic detergents:
AHwm =—nRT01n(CMC) /2T [3]

where n is 1 for complete ion exchange and 2 when
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F1g. 1. MMW of Hyamine-1622 NaCl-H;O as 2 funetion of
NaCl conen at 30C.
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Fra. 2. Light scattering data of hyamine-1622. The effect

of temp and NaCl conen.
a) O0M NaCl b) 0.01M NaCl ¢) 0.06M NaCl

no ion exchange occurs (i.e., the micelle has the same
number of gegen ions and paraffin chain ions). When
excess salt with an ion in common with the detergent
is present the conen of gegen ions does not change
with the CMC and the micelle-forming ion will have
a constant activity coefficient independent of ion ex-
change (n=1). In this latter case, the Matijevié
and Pethica expression for ionic detergents becomes
identical with the Stainsby and Alexander expres-
sion. In addition (5), in the presence of an ionic
agent the heat of micellization is given by the ex-
pression:

AHm =—RT?(01nCMC/OT),—RT*(21nCi/dT) 5  [4]

where k, is the constant given by Equation [1] and
C; 18 the gegen ion conecn.

‘White and Benson (15) determined the heat of
micellization of potassium octanoate by direct calori-
metric measurements of heats of dilution. A com-
parison of these results with heats of micellization
estimated from Hquation [2] show considerable dif-
ferences. Although calculations of AH, from calori-
metric data are very approximate these workers are
of the opinion that Equation [2] leads to erroneous
results. Shinoda et al. (5) indicate that the conven-
tional heats of micellization obtained from the CMC
temp dependence data require corrections due to 1)
the change of activity with the conen of surface ac-
tive ions, 2) the change in activity with the conen
of gegen ions, and 3) the change of aggregation num-
ber with temp.

The coacervating system under investigation shows
large changes in aggregation number (in the presence
of added Na(l in excess of 0.06/), as a function of
temp. Below 0.06M NaCl conen the system is rela-
tively temp insensitive and exhibits negligible changes
in the micellar aggregation number with temp over
the range of 20—45C. In this range of NaCl conen,
heats of micellization were calculated. At higher
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F1g. 3. MMW of Hyamine-1622 as a function of temp and
NaCl conen.
NaCl conen, where the aggregation number of these
micellar systems are strongly temp dependent, the
CMC- temp dependence data cannot, without am-
biguity, be strictly used to caleulate heats of micel-
lization,

Experimental

Materials. The following materials were used in
this investigation:

1. Hyamine-1622-di-isobutylphenoxyethoxyethyldi-
methylbenzylammonium chloride monohydrate. This
material (Hy) is a commercial bactericide produced
by Rohm and Haas, and it was purified as described
elsewhere (16).

2. NaCl was CP grade.

Apparatus. Light scattering measurements were
performed in a modified Brice-Phoenix photometer,
using incident unpolarized monochromatic light of
wavelength 5460A. The instrument was modified in
such a way that the temp of the solution could be con-
trolled by an air bath which does not interfere with
the measurements. The temp of the air was con-
trolled by a thermistor temp controller (Direct Dial-
ing), and the YSI Thermistemp Model 71 of Yellow
Springs Instrument Co., Ine. was used. The main
control dial is graduated to 0.5C and the fine ad-
Justment vernier dial is graduated in ten divisions
(=0.05C). Probes are sensitive to better than ==0.1C
above 60C, and better than +0.05C below 60C. For
the exact temp measurement of the solution in the
cell, a surface temp probe was used with a time con-
stant of 0.8 sec. The temp of the circulating air was
controlled by using an air temp probe with a time
constant of 2 min in free still air. The air was cireu-
lated by a pressure and vacuum motor-drive pump
which has a free air delivery of 3.2 ft3/min at 15 psi.
The air was filtered continuously with a compressed
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F1e. 4. MMW of Hyamine-1622 as a funetion of Na(l eoner.
at fixed temp 20-46C.
air constant flow filter (E. H. Sargent & Co.) and
also with a millipore filter of 1.2 u pore size. The
upper cyclical part of the special cored cell table
of the Brice-Phoenix photometer was cut off and re-
placed by a fritted stainless steel dise, which allows
the air to pass through and cover the cell. Also, the
air was dried by passing it through a trap at —60C.
The measurements were carried out in a eylindrical
cell with solutions which had been filtered several
times through millipore filters of 0.45 u pore size.
Refractive index increments (dn/de) and CMC’s were
measured with a Zeiss dipping refractometer. For
soap conen in excess of the CMC, dn/de is inde-
pendent of electrolyte conen, micellar size and shape,
and temp. The refractive index increment for Hy-
NaCl-H;0 systems is 0.1913 em3/g.

Results and Discussion

Figure 2 represents light scattering data over a
temp range of 20-45C for 0,0.01 and 0.06M NaCl
solutions. In the electrolyte free solutions a) none of
the properties of the system are temp dependent over
the 25C range of temp studied. In the 0.01M NaCl
solutions b) the micelle mol wt is unaffected by
temp changes. However, the slopes of the H(C—C,) /=
vs. (C—C,) curves increase with inereasing temp.

For the 0.06M NaCl solutions ¢) the situation is
somewhat more complicated. At the higher temp,
35-45C, the MM'W remain fairly constant although
the slopes of the light scattering curves were con-
siderably reduced compared to the 0.01M NaCl solu-
tion curves. For temp below 35C, two new effects
become apparent; a) the MMW increase as the temp
of the system is decreased, and b) the systems showed
# conditions, i.e., the slopes of light scattering curves
are close to zero. Essentially what is deseribed by the
0.06 M NaCl set of curves is the transition of the micel-

lar systems from one that is relatively insensitive to
small temp changes to one that is temp sensitive.

The nature of the transition described above shows
in Figure 3. The logarithm of MMW as a function of
1/T at fixed NaCl conen is plotted for electrolyte
conen of 0.06-0.22M NaCl. The broken line curve
represents the MMW of 0.01M NaCl solution, and
shows no significant micellar growth as a function
of decreasing temp. The 0.06M NaCl solution shows
no micellar growth as the temp is decreased from
45C to 35C. Between 35C and 20C the micelles grow
appreciably and this growth is an exponential funec-
tion of the reciprocal of the temp. The rate of micellar
growth as a funection of 1/T increases as the NaCl
conen is increased to 0.10M NaCl. For NaCl conen in
excess of 0.10M the rate of micellar growth as a fune-
tion of 1/T remains approx constant.

Figure 4 represents the logarithm of MMW as a
function of NaCl conen in the range of 0.10-0.22M
at fixed temp. For each of these curves, except for
the 0.10M NaCl solution, micellar growth is indicated

‘to be an exponential funetion of the NaCl conen. The

significance of the deviation in 0.10M NaCl solutions
of MMW from the logarithmic plots shows in Figure
1. At this NaCl conen the system is in the electrolyte
transition region. The data presented in Figure 4
would indicate that the electrolyte transition region
is not temp dependent. In a previous paper (16), it
was shown that this transition is related to the depres-
sion to the micellar ionization induced by the addition
of electrolyte to the micellar solution. The transition
occurs when the micellar ionization is reduced to ap-
prox 4.4%. The deviation from linearity of the upper
points of 0.22M NaCl curve may be attributed to the

TABLE I

Conventional Heats of Micellization of Hyamine-1622 as a Funection of
NaCl Conen (0-0.06M NaCl)

—Hm/RT2= (1n(CMC)/T)p

M NaCl —Hm Keca1/mole
0.00 14.19
0.01 13.05
0.02 11.12
0.03 9.57
0.04 8.97
0.05 8.30
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contribution to the light scattering intensity of eritical
opalescence. At the lower temp the system is close
to the eritical point.

Conventional heats of micellization were calculated
from Equation [2] for solutions containing 0-0.06M
NaCl. These results show in Table I.

Conclusion

Hyamine-1622 NaCl solutions at zero and low NaCl
conen have low CMC values which are close to those
observed in non-ionic detergent systems. Flockhart
(17) has shown, in comparative studies of soaps of
different hydrocarbon chain lengths, that the lower
the CMC the more negative will be the heat of micel-
lization.

The low CMC values and the large negative values
of the heats of mieellization of the long chain quater-
nary ammonium salts, which form coacervates, sug-
gest that these micellar systems show some of the
properties of simpler monomeric quaternary am-
monium salts. The major property of interest in this
respect is the hydrophobie character of the quaternary
ammonium cation. Hyamine-1622 NaCl micellar solu-
tions exhibit a high degree of sensitivity to small
changes in NaCl conen (16) and temp. In addition,
these systems show a marked electrolyte specificity
(18). These are properties observed in hydrophobie
colloidal systems.

In an opposite sense, Matijevié and Pethica (14)

VoL. 41

explain the small negative values of AH,, for sodium
dodecyl sulfate in terms of the large positive con-
tribution to AH,, due to the desolvation of the highly
solvated anion of this salt. Both the Matijevié and
Pethieca study and Hyamine-1622-NaCl study indi-
cate that the solvation properties of micellar systems
play a significant role in the energetics of micelle

formation.
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Catalysts for Selective Hydrogenation of Soybean Oil’

IIl. Hydrogenation Catalysts Prepared on Molecular

Sieves and Other Supports

C. H. RIESZ and H. S. WEBER, Illinois Institute of Technology Research Institute, Chicago, Illinois

Abstract

A survey of nickel, platinum and palladium
catalysts prepared on silicas, aluminas and mo-
lecular sieves indicated that the nature of such
supports contributed importantly to selective
hydrogenation of soybean oil. Nickel-molecular
sieve catalysts provided both high hydrogenation
selectivity and low trams-isomer formation. Some
kind of spatial hindrance may be postulated in
explanation of the results.

Introduction

RIOR PAPERS in this series were concerned with the

development of an experimental evaluation for
determining hydrogenation selectivity (1) and appli-
cation of this method to a variety of commercial
catalysts (2). In a kinetic study, Bailey (3) had
indicated that under conditions producing selective
hydrogenation of soybean oil, the ratio of linolenic
to linoleic components reacted was 100/560. With lin-
seed oil, a condition producing a ki,/ki, ratio of 2.5
was obtained under selective conditions whereas 1.7
was found under non-selective conditions. This orien-
tation is of particular value in reviewing the survey
on selective hydrogenation of soybean oil with various

1 Presented at the AOCS Meeting, Toronto, 1962.

commercial catalysts (2), where the selectivity index
(Sy =kr./kio) was 2.4 or better for several platinum,
palladium and rhodium ecatalysts but where many
nickel preparations did not demonstrate an S;, value
of 2.0. It was felt that development of nickel catalysts
would have the greatest import both from a practlcal
as well as technieal viewpoint.

The preparation and properties of catalysts for glye-
eride oil hydrogenation has been reviewed by Feuge
(4). While variations in selectivity between differ-
ent types of nickel catalysts preparations are known,
factors producing such selectivity are not presently
recognized. Further, it is indicated that platinum and
palladium, although producing the most active cata-
lysts, are not selective.

Catalyst Preparation

Impregnation. Most of the catalysts were prepared
by impregnation on various supports. The procedure
comprised admixture of the support with a metal salt
dissolved in sufficient distilled water to form a paste.
This mixture was heated with stirring at low heat
to drive off excess water and to form a uniform prod-
uct which was then dried at 110C. This material was
placed in a cold muffle and brought slowly to a max
temp of ca. H500C. In several cases, the synthetic
zeolites were first exchanged with nickel cation, and
then impregnated as indicated in Table I. Before



