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imidazoline yields equal rewets at 0.1 and 0.15%
and is only slightly reduced at 0.29, the DADMAC
vields essentially zero rewets at 0.15% and 0.20%.

Lievel of use of the DADMAC is therefore more
eritical and overuse will present rewet problems. Such
problems are commonly overcome in practice by in-
corporating suitable rewet agents, e.g. ethoxylated
quaternaries,

‘With the quaternized imidazoline the unsaturation
present in alkyl groups affects rewettability. Table
IV shows that rewettability increases slightly with
the iodine value of the tallow employed for alkylation.

A summary of data for the various bisquaternaries
tested is given in Table V.

Considering the effeet of bridging moiety, p-xyly-
lene, 2-butene, and 2-butyne bridges yield very good
to excellent softeners, and with dialkyl groups of
Cys, give softening essentially equal to DADMAC.
However, rewettabilities become extremely low with
these materials. With the 2-butene, a series for study
of alkyl chain length indicated that softening does
diminish but only to a slight extent on reducing the
chain from C,g3 to C2. Rewettability of these sam-
ples does increase dramatically with reduction of
alkyl chain length.

With the 2-butyne bridge, replacement of methyl
with hydroxyethyl groups did not alter softening,
but unexpectedly reduced rewet. This may be caused
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by an increased dispersibility of the sample with
hydroxyethyl groups which may have produced a
more uniform coverage of the fabric surface.

The ether bridged samples tend to give lower soft-
ening and higher rewettabilities than the alkene or
alkyne-bridged samples.

On examining results for compounds with equal or
similar alkyl chain lengths, it is evident that rewet-
tability tends to increase on going from bridging
groups of p-xylylene to 2-butene, to 2-butyne, to
diphenyl oxide and finally to diethylene oxide. Thus
as the bridging unit becomes more unsaturated or
more hydrophilie, rewettability increases. The trend
of concurrently reduced softening is much less marked,
being only apparent on introducing ether linkages.
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Abstract

Contradictory literature references on their
micelle formation led to an investigation of block
copolymers of ethylene and propylene oxides. By
means of differential absorbance measurements
of the dye-surfactant complex, critical micelle
concentrations (CMC’s) for these polyols were
determined. CMC values for surfactants with a
molecular weight range of 1,100 to over 15,000
varied from 3.0 to 11.1 umoles per liter, which
are much lower than for other nonionies normally
encountered, Corroborative data were obtained
by the surface tension depression method. An
increase in temperature below the cloud point or
the addition of sodium chloride resulted in an
inerease in the CMC, which is not usual for many
1onionics.

Introduction

LTHOUGH NONJONIC surfactants, which are block co-
polymers of propylene and ethvlene oxides, have
been commercially available (1) for a number of years,
only scattered references to their micellar nature have
been made, and even these few reported resnults are
contradictory. Thus, Mankowich, in a study (2) on
the determination of micellar molecular weights of
selected surface active agents by the use of light-
scattering methods, was led to the econclusion that

1 Presented at the AQCS mecting, Houston, April, 1965,

micelles did not form. He obtained, with a poly-
oxyethylene-polyoxypropylene glycol of 7200 to 7700
molecular weight, an uncorrected micellar molecular
weight of 8400, indicating an aggregation number of
about 1.1. The other surfactants which were studied
had molecular weights only 1/10 to 1/20 of that of
the EO-PO block copolymer.

The second recorded reference to the failure of
EO-PO surfactants to form micelles, is the work of
Bell (3). In a plot of surface tension depressions vs.
conecentrations of Pluroniec 144, by the dulNouy
method, over the concentration range of 10 to 1,000
ppm, he reported that the surface tension depression
continued to rise with increasing concentration and
concluded micelles did not form. However, a similar
curve for an oectylphenol polyoxyethylene glycol with
8.5 moles of ethylene oxide reached a maximum at
220 ppm.

The analytical ultracentrifuge has also been utilized
in an investigation of the micellar character of non-
ionic detergent solutions. Dwiggins and co-workers
reported (4) that Pluronic polyol L64 does not ex-
hibit micelle formation, whereas three other nonionics
simultaneonsly investigated, each of which was less
than one fourth of the molecular weight of the polyol,
had micellar properties. Dwiggins also reported fail-
ure to obtain a break in the surface tension vs. con-
centration curve.

Although some investigators (5,5a) of the EQ-PO
block copolymers have attributed solubilization phe-
nomena as due to micellar formation, the first pub-
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lished mention of this type of surfactant forming mi-
celles is that by Becher (6). It was stated that Plur-
onie polyol Li64 has a CMC of about 260 gamma per
gram, or 0.026%. Although not details were reported,
it has been learned {7) that the iodine solubilization
method was used.

Shortly thereafter Ross and Olivier (8) using the
iodine solubilization technique disclosed that the CMC
of Pluronic polyol 162 occurs at 2.40 g/dl, or 2.40%.
It is interesting to note that the CMC reported for
this polyol is far greater than for all but one of the
other ten nonionics simultaneously examined. It should
be pointed out that at room temperature, a 2.4%
solution of Pluronic polyol 162 is not clear, but is
faintly opalescent and is just at or below its cloud
point of 26C. It was this background of contradictory
results that prompted this investigation.

Experimental

A newly described method reported by Becher (9)
appeared to offer a facile way to undertake this in-
vestigation. It is based upon measuring the change
in the absorption spectrum of a dye that oceurs as
the result of complex formation between the dye and
the surface-active agent. Benzopurpurin 4B, a bio-
logical stain from Matheson, Coleman and Bell, was
used as received. A 0.5% solution of the dye in freshly
distilled water was prepared; a freshly prepared dye
solution was used each week. Commercial and semi-
commercial polyoxyethylene-polyoxypropylene block
copolymers, Pluronic and Tetronic polyols, from the
Wyandotte Chemicals Corporation, were used as the
surfactants. All other reagents used were CP grade.
Aliquots of a standard surfactant solution were added
to 100 ml volumetric fiasks, 1 ml of dye solution was
added to each, and the flasks were diluted to mark
with freshly distilled water. The flasks were shaken,
stored in the dark at 25C overnight and then examined
the next morning. The total visible absorption spee-
trum was first obtained on the complex formed between
the dye and the surface-active agent over a concentra-
tion range of 5x107* g/dl to 1.0 g/dl, by recording the
spectrum on the Perkin-Elmer Spectracord 4000 in
a one-centimeter cell. Maximum absorbance was found
to occur at 540 mp. The data were plotted as a fune-
tion of the logarithm of the concentration vs. the dif-
ferential absorbance at 540 mp, giving a curve with
a pronounced break at the CMC. The same method
was used in all experiments except where indicated.
In addition, one set of absorbance measurements was
simultaneously checked in the Beckman model DU
spectrophotometer, at 540 mp, and a good agreement
was obtained between the two instruments,

Initially an EO-PO block copolymer of 3900 mo-
lecular weight, which had no cloud point up to the
boiling point of water, and which contains about 60%
by weight of ethylene oxide was examined over a wide
concentration range, from 5x10% g/dl through 10
g/dl. The data obtained are shown as the solid line
in Figure 1. There appear to be two points of in-
flection, the first at about 0.0025 g/dl and the second
at about 0.01 g/dl. A similar examination of the 23-
mole ethylene oxide adduct of lauryl aleohol, which
had been used in describing the original method, was
carried out over a narrower concentration range, from
5x10* to 0.1 g/dl. TIt, too, showed two points of
inflection. The first one corresponds to the reported
(9) CMC value of 10x10-% g/dl.

It was suggested (7) that the second point of in-
flection is due to partial exhaustion of the dye. That
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Concn. {g./dl.) PLURONIC polyol P-66
Fia. 1. Differential absorbance of benzopurpurin 4B at 540

mu as a funetion of the concentration of an EOG-PO bloek sur-
factant of 3900 molecular weight, containing 609 EO.

this appears to be the case was revealed when three
times the dye concentration was used. Three milli-
liters of the 0.5% dye solution was added to each
surfactant aliquot. A marked change was noted in
the differential absorption, using the original EO-PO
surfactant. This is shown as the broken line in Fig-
ure 1. We are therefore led to the eonclusion that
the first point of inflection represents the CMC.

Discussion

Seventeen different block copolymers of propylene
and ethylene oxides, derived from a propylene glycol
initiator and having a molecular weight range of
1,100 to over 15,000, were studied in a similar fashion.
One block copolymer based on an ethylenediamine
initiator was also examined. Each surfactant was
found to exhibit micelle formation as shown by a
plot in the change of absorption spectrum vs. a log
of the concentration.

In Table 1 is a list of the data obtained at 25C,
using freshly prepared surfactant solutions. The val-
ues obtained, which cover a range of 3.0 to 11.1
wmoles per liter, are much lower than those of other
nonionie surfactants. Oxyethylated nonyl phenols, for
example, are reported (10) to have CMC values of
75 to 280 upmoles per liter, where the ethylene oxide
content ranges from 10 to 50 moles. The so-called
“low”” CMC for a 100 mole ethylene oxide adduect
of octadecanol is reported to be 20 pmoles per liter
(10) which is about double that of the highest values
obtained in this investigation. Two different lots of

TABLE I
Typical CMC Values of EO-PO Block Surfactants, 250

Pluronic

polyol Mol. wt. g/dl pm /liter
L81 1100 0033 8.0
L35 1890 0018 9.5
w38 5020 .0026 5.2
L42 1620 0018 11.1
Ld4 2200 .0019 8.8
L61 2000 .0014 8.0
L62 2500 0017 6.8
L64 2875 0016 5.6
P66 3915 0025 6.4
F68 8000 0055 6.9
P75 4160 0038 9.1
P84 4520 0040 8.9
P8s 4600 0037 8.1
88 10750 0055 5.1
L92 3480 0019 5.5
P1o4 6050 0044 7.8
F108 15550 0073 4.7
Tetronic . .
polyol Mol. wt. g/dl wm/liter
707 12250 .0050 4.1
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TABLE II
__Typieal CMC Valnes of EO-PO Blogc_Surfa.ctants, 250,;mnoles/li’t.er

Hydrophobie
base % Oxyethylene content

molecular - e — i
weight 10-20 20-30 40-50 50-60 60-70 80-90
3250 7.3 4.7
2750 5.5
2250 8.9 8.1 5.1
2050 9.1
1750 8.0 6.8 5.6 6.4 6.9
1175 11.1 8.6

940 3.0 9.5 5.2

the same polyol were examined to determine the vari-
ation from lot to lot. Reproducible data were ob-
tained with both a hydrophobic and a hydrophilic
surfactant.

In Table 11, the data are arranged on the basis
of their oxypropylene-base molecular weights and their
oxyethylene contents. This more readily enables us
to make a comparison among the various polyols.
The polyols on the right side of Table IT, those with
an oxyethylene content of 80-909%, are more hydro-
philic than those on the left, which have a lower
ethylene oxide content. The nonionic polyols repre-
sented in the top row, those with the highest base
molecular weight of 3250, are more hydrophobie than
the corresponding surfactants below them. Although
those polymers having polyoxypropylene glyeol base
molecular weights of 2250 and 3250, exhibit a de-
crease in CMC as the polyvols inerease in ethylene
oxide content, polymers having lower molecular
weights do not follow this trend. Those with a base
molecular weight of 1750 decrease, and then increase,
as the EO content increases, A plot of CMC values
vs. % EO, on a mole basis, gave no clear trend.
Therefore, it appears that no valid conclusion can be
drawn which would correlate the CMC and a change
in oxyethylene or oxypropylene content,

CMC wvalues of scveral of the polyols were cor-
roborated by surface tension depression measurements
over a concentration range of 2.5 to 25,000 ppm.
Further substantiation was obtained when we received
the unpublished CMC data, on several Pluronic poly-
ols, of Williams and Graham (11). They had mea-
sured surface tensions as part of an investigation
into detergency (12). Their data, together with our
corresponding values from the dye-solubilization tech-
nique, are shown in Table 1I1. Agreement between
the two methods is good, especially when one con-
siders the results reported by other investigators.
The dye absorption method is preferred in that the
change in slope of the curve at the CMC is more
pronounced than it is with the surface tension method.

To exclude the possibility that the presence of
electrolyte from unremoved neutralized catalyst was
responsible for these phenomena, a specially clarified
sample of surfactant, which contained less than 1
ppm Na and K ion, was studied. The same type of
curve was obtained, A few experiments were earried
out to determine the effect of added electrolyte. The
specially clarified polyol, of 2000 molecular weight,
was studied in an aqueous system containing 500

TABLE IIT
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TABLE IV
Effect of Added Electrolyte on OMC of EOQ-PO
Block Surfactant Solutions
Pluronie CMC, OMC,
AMethod polyol Solvent g/dl pmoles/liter

Dye absorption L681 Water 0.0014 8.0
L61 0.0224 N NaCl (500 ppm) 0.0023 11.5

Dye absorption L.64 Water 0.0016 5.6
L64 0.1 N Na(l 0.00380 10.4

Surface tension Lé4 Water 0.0012 4.2
L64 0.1 N NaCl 0.0032 11.1

Surface tension L64 0.1259% NasPaOwo 0.0010 3.5

0.050 9% Na2002
0.0259, Naa2Si0s

ppm sodium chloride (.0224 N NaCl). In a second
experiment, a more hydrophilic polyol, with a 2875
molecular weight, containing about 40% ethylene ox-
ide, was studied in a 0.1 normal saline solution. The
data, shown in Table 1V, indicate an increase in the
CMC of the nonionic polyol as a result of the added
electrolyte. Just the opposite effect, namely a de-
erease in CMC upon the addition of sodium chloride,
is reported (10,17) with oxyethylated alkyl phenols.
On the other hand, the addition of saline to n-octa-
deeanol + 100 EO is reported (10) to result in little
or no change in the CMC wvalue. The data for the
more hydrophilic polyol were checked by surface ten-
sion measurements. The agreement with the dye ab-
sorbance data, as shown in Table 1V, is satisfactory.

Because of the excellent detergency properties of
the latter surfactant (13), it was of interest to de-
termine whether or not detergent power occurred at
the low concentrations at which micellization was
found. Dilute solutions were prepared in the pres-
ence of the alkaline builders as shown in Table IV.
The same ratios of alkaline builders were used as
are found in a built heavy-duty detergent. This elec-
trolyte coneentration is equivalent to that of a 0.25%
solution of a standard detergent formulation contain-
ing: 20% polyol, 509% Na;P3046, 20% Nay,COjs and
10% NaySi0O;. A value of 3.5 pmoles per liter was
obtained as the CMC under these conditions, which
is a slight decrease from the value found in distilled
water.

The detergency properties of dilute solutions of
this surfactant were studied in the presence of the
same alkaline builders. The method involves the re-
moval of an oily tagged clay (Ca'™) soil from Indian-
head cotton swatches in a miniature washing machine
as a basis for evaluation (14).Tests were carried
out using tap water at 25C. Detergency properties
at or even slightly above the CMC were not found.
We are therefore led to the conclusion that for this
surfactant, detergent power does not occur at 25C, at
the low concentration at which micelles form. This
corroborates what has been reported (15) for other
nonionice surfactants.

In order to determine the effect of temperature, a
comparison was made of the CMC’s of the same sur-
factant at 250 and at 40C. As shown in Table V,
a temperature increase of 15C resulted in an inecrease
in the critical micelle coneentration from 5.6 to 11.5
pmoles per liter, using the dye-solubilization method.

Comparison of Critical Micelle Concentrations of EO-PO Block TABLE V
Surfactants by Dye Absorption and Surface Tension .
Measurements at 250, umoles/liter Effect of Temperature on CMC of RO-PO Block Surfactant Solutions?
Pluronic Dye tension CMC, CMC,
polyol absorption Surface Method Temp., C g/dl pmoles/liter
L44 8.6 9.0% Dye absorption 25 00186 5.6
%gg gg ;«8: Dye abhsorption 40 .0033 115
P75 9.1 9.02 Surface tension 25 L0012 4.2
L84 5.6 4.2 Surface tension 40 0040 13.9

2 Williams, J. L. and H. D. Graham {11).

& Solutions of Pluronic polyol L64.
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By the surface tension depression method, the same
conditions resulted in an increase from 4.2 to 13.9
pmoles per liter. This is in contrast to the data ob-
tained by Schick (16) and by Ginn and co-workers
(18). They reported that CMC values of oxyethylated
alkanols and alkyl phenols, in general, decreased with
increasing temperature.

After this investigation had been completed, it was
reported (19) that the CMC’s of Pluronic polyols 162,
1.64 and F68 were 2.40, 2.20 and 0.1 g/dl, respec-
tively. We are unable to account for the discrepancy
in the data.
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Neutral Oil in Linear Alkyl Benzene Sulfonate Slurries:

Determination and Composition
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Abstract

A method of improved aceuracy and acceptable
precision for the determination of neutral oil in
detergent slurries is described. The inerease in
accuracy results from minimizing loss of highly
volatile constituents of the neutral oil.

The composition of the neutral oil in linear
alkyl benzene slurries has been determined utiliz-
ing infrared and mass spectrometry techniques.

Highly branched, saturated aliphatic hydro-
carbons constitute the principal portion of the
neutral oil. Traces of aromatic hydrocarbons are
also present. The balance of the neutral oil
comprises dialkylsulfones together with trace
quantities of unidentified sulfur containing
components.

Analogies are drawn between the composition
of neutral oil from linear alkyl benzene sulfo-
nates and branched alkyl benzene sulfonates.

Introduction

N A STUDY OF THE COMPOSITION of neutral oil from

linear alkyl benzene sulfonate detergent slurries,
it was necessary to isolate a large quantity of the
neutral oil without loss of components. An attempt
was made to isolate it by scaling up AOCS Tentative
Method Dd 4-60 (1). Low recoveries of neutral oil
indicated that highly wvolatile materials are present
and lost by volatilization during evaporation of the
petroleum ether extract. Weeks et al. (2) describe
the determination of unsulfonated oil * by distillation
of neutralized sulfonate (slurry) with ethylene glycol.
The distillation operation is quite rapid, requiring
approximately 10 min, and there is no loss of volatile

! Unsulfonated oil is frequently confused with neutral oil and free
o0il. The term unsulfonated oil is specific but all three have been used
mterchangeably In this paper neutral oil refers to material which may
consist of unsulfonated oil, sulfones and other concomitant organic
constituents in admixture.

materials. In their opinion the primary properties
influencing the quality of alkyl benzene sulfonates
are: (a) the amount of unsulfonated oils and (b)
product eolor. For this reason they are not particu-
larly interested in the sulfone content of the neutral-
ized sulfonates except to note that sulfones can be
recovered from the still residue by extraction of the
latter with petroleum ether. However, in our view,
the amount of sulfone present in slurries designated
for detergent formulation is considered significant
sinee it exerts a deleterious effect on the performance
of formulated products.

Part 1 of this paper presents evidence that the
method of Weeks et al. (2) for the determination of
neutral oil when performed in two operations (distil-
lation and extraction) yields results of the same de-
grec of precision but of vastly improved accuracy
over the results obtained by use of AOCS Tentative
Method Dd 4-60. Part IT incorporates a discussion of
the composition of neutral oil isolated from typical
commercial linear alkyl benzene sulfonate slurries.

Part I—Determination of Neutral Qil

AOCS Tentative Method Dd 4-60 yields results for
neutral oil which include such sulfones as may be
present. However, inadvertent losses of neutral oil
are oceasioned in the performance of this method dur-
ing the operation of evaporation to constant weight.
Tt will be shown in Part IT of the present paper that
some of the constituents of neutral oil are highly
volatile and evaporate spontaneously at room temper-
ature. By determining the volatile constituents of
the neutral oil by distillation with ethylene glycol
and determining the sulfones and other nonvolatile
organic constituents by petroleum ether extraction of
the residue in the distillation flask as deseribed by
Weeks et al. (2) and combining the two quantities, a
result can be obtained for neutral oil which is inde-
pendent of the variable loss of highly volatile con-



