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more than one metabolic pool, the distinetion being on
the basis of fatty acids in each.

Customarily, phospholipids are considered to be
rich sources of highly unsaturated fatty acids, and
triglycerides of animal origin are considered to be not
especially rich in PUFA. However, the triglycerides
of some of the reproductive tissues are notably rich
in PUFA. Although beef testis triglycerides contain
only 26% PUFA, pork testis triglycerides contain al-
most 47%. Beef graafian follicle triglyeerides contain
61% PUFA whereas pork graafian follicle triglye-
erides contain only 21%. Beef and pork ovary triglye-
erides contain 57% and 49% PUFA, respectively. In
all six instances, the major portion of the PUFA are
of the w6, the linoleate family.

In the course of this investigation, a number of
PUFA have been identified. For 16 the identification
is based upon ozonolysis-reduction of the isolated sub-
staneces. For several others the identification has been
by means of retention time data obtained in GLC
analysis. The means of identification, and the data
for a large body of individual PUFA are given in an
accompanying publication (23). A number of acids
still unidentified by these means were detected and are
characterized in the tables by equivalent chain length.
Of the several acids identified, two, to our knowledge,
have not been reported before, 10,13,16-Docosatrienoie
acid (22:306) and 9,12,15,18-tetracosatetraenocic acid
(24 :406) were isolated from beef testis lipid, the strue-
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tures determined via ozonolysis, and characterized by
retention time data on GLC analysis.
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Alkaline Methylene Blue Method for Determiation of

Anionic Surfactants and for Amine Oxides in Detergents

M.E. TURNEY and D. W. CANNELL,' Union Carbide Corporation, Chemicals Division,
Research and Development Department, Tarrytown, New York

Abstract

The conen of anionie surfactants in alkaline
media has been determined by modification of
the methylene blue titration. The method is based
on the oxidation of methylene blue chloride to
dimethylthionoline, a red dye, in the presence
of chloroform and sodium hydroxide. This
method in conjunction with the acid methylene
blue titration, also may be used to determine
the amt of amine oxides in formulated products.
For conens of less than 100 ppm a spectropho-
tometric method was used.

Introduction

NIONIC SURFACTANTS in alkaline solutions are used
A industrially in applications such as textile proc-
essing metal eleaning, bottle washing, and fruit and
vegetable pee]1n<r In order to maintain the conen of
surfactant in the cleaning bath, a quick method of
analysis is desirable. The totdl anionic surfactant
historically has been determined by titration with
quaternary surfactant using methylene blue as an
indicator (2), in an acidic system. Loungwell and
Maniece (4) reported that with aqueous solutions
about pH 7 the chloroform layer turned various
shades of pink and blue interfering with the end
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point. To destroy these colors successive extractions
with buffered salt and neutral methylene blue indi-
cator (1,4) were required. A spectrophotometric
technique using methyl green (5) as the indicator
also required the surfactant solution to be acidic. A
titrimetric method using bromocresol green (3) as
an indicator for the measurement of anionic sur-
factants in alkaline media has been published.

An investigation of methods for determining the
amt of anionic surfactant in highly alkaline systems
led to a modification of the methylene blue titration.
The method proposed has been extended to include
an analysis for amine oxides in formulated products,
based on the cationic nature of amine oxides at low
pH and nonionic nature at high pH. Concn ranges
investigated titrimetrically were 10 to 0.01% actives.
Speetrophotometrically the procedure appears sensi-
tive to 10 ppm.

Experimental
Reagents

Methylene Blue Indicator. Dissolve 0.03 g meth-
ylene blue chloride (methylthionine chloride) in 50
ml water. Add 6.6 ml 96% sulfuric acid and mix.
Add 20.0 g sodium sulfate (anhydrous) and dissolve.
Add water to make up to 1 lifer.

Hyamine 1622 Solution (ca. 0.0040 N). Dissolve
1.814 g Hyamine 1622, di-isobutyl phenoxy ethoxy
ethyl dimethylbenzyl ammonium chloride (Rohm and
Haas), in water and dilute to 1.0 liter. Standardize
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solution against 0.0040 N Aerosol OT, 100 %, sodium
di-2-ethylhexylsulfosuceinate (American Cyanamid)

(2).
Procedure

The weighed sample is dissolved and diluted to 250
ml with water. A 10 ml aliquot is pipetted into a
100 ml glass stoppered graduate containing 15 ml
chloroform and 25 ml methylene blue indicator. The
stoppered graduate is shaken vigorously. A 15 ml
volume of 15% sodium hydroxide solution is added
and the stoppered graduate is shaken again. The
mixture is then titrated with Hyamine 1622. After
each addition of titrant, the graduate is shaken vigo-
rously. The chloroform layer is a dark blue and
the water layer is a lighter blue initially. As the
titration proceeds, the water layer becomes colorless
and the chloroform layer goes from blue, blue violet,
violet, to red violet. The end point is reached when
the chloroform layer is a clear red or pink containing
no blue hue. As the end point is approached, the
separation of the chloroform-in-water emulsion is
rapid. To give a reasonable titer, it may be necessary
to vary the concen of the Hyamine 1622 solution or
increase the size of the aliquot of detergent solution.

Caleulation
% Anionic = H X Ny meq X 100
‘Wl
H = ml Hyamine 1622 solution
Nm = normality Hyamine 1622 solution

meq = milliequivalent weight of anionie
W’ = sample weight defined as

ml in aliquot X sample weight (W)
solution volume

When the procedure defined above is used the cal-
culation may be simplified to the following:

% Anionic = H X Nx X Eq X 2.5
W

Eq = equivalent weight of anionic

Discusion and Results

The basis for the determination of the amt of
anionie surfactant by the acid methylene blue titra-
tion is the solubility of the anionic-cationic complex
in chloroform. Imitially, acidic methylene blue reacts
with the anionic surfactant to give a chloroform
soluble eomplex. Titration with a stronger eationie
releases the methylene blue to the water layer, to
complex with more anionic. This process is repeated
until an end point is reached, which is deflned as
the even distribution of the blue color between the
water and chloroform layers.

In discussing the behavior of methylene blue, D. C,
Abbott (1) reported that in the presence of alkaline
solutions (above pH 9.5) and chloroform, methylene
blue ehloride is readily oxidized to dimethylthionoline
giving bright red solutions. In this investigation
when 15% sodium hydroxide, methylene blue and
chloroform were shaken, an immediate red color de-
veloped in the chloroform layer. When surfactant
solution, methylene blue, chloroform and 15% so-
dium hydroxide were shaken, the chloroform layer
was blue indicating that the anionic surfactant had
complexed with the methylene blue preventing its
oxidation to dimethylthionoline, The complexing of
the methylene blue and anionic appeared to be prefer-
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TABLE I

Determination of Concentration of 0.29 Anionic Surfactant
by Acid and Alkaline Methylene Blue Titrations

5 Type of | Concentration, %

Surfactant NaOH. % titration (experimental)
Sodium 2-ethylhexyl . 0 Acid 0.202
sulfate? 2 Acid 0.211
5 Alkaline 0.205
10 Alkaline 0.189
15 Alkaline 0.205
Sodium lauryl. ... o] Acid 0.196
sulfatel. ...l 2 Acid 0.193
5 Alkaiine 0.198
15 Alkaline 0.195
Sodium dodecyl 0 Acid 0.199
dipheny!l ethe 2 Acid 0.200
disulfonate® 5 A kaline 0.200
10 Alkaline 0.202
15 Alkaline 0.205
Sodium alkyl . ... 0 Acid 0.193
benzene sulfonated........ 2 Acid 0.192
5 Alkaline 0.195
10 Alkaline 0.194
15 A'kaline 0.191

*Tergitol Anionic 08 (Union Carbide Corporation).

P8ipon PD (Alcolac Chemical Corporation).

¢Benax 2A1 (Dow Chemical Company),

4 Ultrawet 60K soft (Atlantic Refining Company).
ential to the oxidation of the indicator. Therefore,
the titration for the determination of anionic surfac-
tant was carried out in alkaline solution using the
formation of the red color as the end point.

Table I gives the resulis of the analyses of surfaec-
tant solutions (calculated as 0.2% anionic) by meth-
vlene blue titrations. With increasing percentages
of sodium hydroxide (ie., 2, 5, 10, 15%) the end
point in the chloroform layer changed from matching
blue eolors for 2%, to red-violet for 5%, to red for
15%. With 5% sodium hydroxide, the water layer
was blue, with 10% light blue, and with 15% almost
colorless. For a theoretical conen of 0.200% anionic
the range of experimental values was 0.189 to 0.211
(Table I). Since the red color of the end point de-
pends on the demethylation-oxidation of the meth-
ylene blue, the higher levels of sodium hydroxide
provide a more rapid titration and a more definitive
end point. Some surfactants cause the chloroform
layer to retain a milky appearance throughout the
acid methylene blue titration making the matching
of blue colors difficult. Using the alkaline titration
provides a means to obtain a sharper end point. This
analysis was found to be applicable for eompounds
of high surface activity as well as those of borderline
surface activity.

The alkaline methylene blue titration was employed
over a wide conen range for sodium 2-ethylhexyl
sulfate (Tergitol Anionic 08). For the concns other
than 0.05 to 0.2%, the conen of the quaternary solu-
tion and/or the volume of detergent solution was
adjusted to obtain a reasonable titer. The results
are given in Table II. The precision for 100 ppm
and below was not good. Deviation from the theo-
retical conen was 9% for 100 ppm; for the higher
conens 4%or less.

By using both the alkaline methylene blue titration
and the acid methylene blue titration, detergent
formulations containing amine oxides were analyzed.
Based on the behavior of alkyl dimethylamine oxides

TABLE II

Titrimetric Results over Concentration Ranges of Sodium
2-Ethylhexyl Sulfate by Alkaline Methylene Blue Titration

Theoretical Experimental
asetive conen, % active conen, %
0.005 0.0042
0.010 0.0107
0.050 0.0515
0.100 0.100
0.200 0.205
2.00 2.08
10.0 10.4
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TABLE III

Determination of Percentage of Anjonic Surfactant
and Amine Oxide in Detergent Formulations

Formulations {parts on 1009%

Ingredients active basis)
I Ir III

Sodium alkyl benzene sulfonate?....... 20 20
Sodium alkyl ethoxy sulfateP........ 25 5
Lauryl dimethyl amine oxidec. 5 5 5
Sodium xylene sulfonate,............... 10 5
Tetrapotassium pyrophosphate ....... 5 5
Analytical results
Anionic, Do....covveiiiiiieiiiiiiiie s 25.4 19.9 26.5
Amine oxide, %...... . 4.6 5.2 5.9

aUltrawet 60 K soft (Atlantic Refining Company).

bTergitol Anionic 15-8-88 (Union Carbide Corporation).

¢ Ammonyx LO (Onyx 0il and Chemical Company).
as nonionie surfactants above pH 7, and as cationic
surfactants below pH 3 the anionic surfactant was
measured by alkaline methylene blue titration and
acid methylene blue titration measured the anionic
surfactant not complexed with amine oxide. The
difference in the amt of anionic found by these two
titrations was calculated as the amt of amine oxide
in the formulation. The results given in Table III
show that this technique is applicable to the analysis
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of detergent formulations containing amine oxides.

For the determination of anionic surfactant in
alkaline media at conens of 100 ppm and less, a
spectrophotometric method has been employed. The
procedure is similar to that in Stendard Methods—
Water and Waste-Water (6). Measured amts of sur-
factant, chloroform, methylene blue and sodium hy-
droxide were shaken until all available methylene
blue was oxidized to dimethylthionoline. These dyes
are light sensitive and fade on prolonged exposure.
Therefore, all measurements were carried out on a
comparable time basis. Absorbances of solutions for
various eonens of sodium 2-ethylhexyl sulfate were
taken at 547 mp. The plot of absorbance versus conen
was linear.
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Kinetic Studies of Detergency. 111 Dependence of the

Dupre Mechanism on Surface Tension

M. C. BOURNE'® and W. G. JENNINGS, Department of Food Science and Technology

University of California, Davis, California

Abstract

The kinetics of the removal of thin films of
pure radioactive tristearin from a stainless steel
surface by detergent solutions in a circulation
cleaning system were used to study the effect of
the surface tension of the detergent solution on
the Dupré mechanism and the flow mechanism.

Lowering the surface tension reduced the ef-
fectiveness of the Dupré mechanism for both
species 1 soil and species 2 soil, as expected. Low-
ering the surface tension increased the efficiency
of the flow mechanism for both species of soil,
but, at the present time, it is not known how much
of the increase can be ascribed to the lowered sur-
face tension, and how much is due to the in-
creased concn of the surfactant that was used to
lower surface fension.

Introduction

INETIC ANALYSIS of the removal of tristearin from
K stainless steel indicates that two species of soil are
present (2). The difference between the two species
has not yet been resolved, but can probably be attri-
buted to a difference in the attractive force(s) be
tween the substrate and the two soil species. Both
species are removed simultaneously and independently
by two soil removal mechanisms: ¢) a time-dependent
flow mechanism, and b) a time-independent inter-
facial mechanism (1,3) called the Dupré mechanism
(4) in honor of the French scientist, M. Athanase
Dupré (1869) who first developed the equations re-
Jating surface tension forces at a gas-solid-liquid in-
terface. The force specifically associated with the

t Present address: Department of Food Science and Technology, New

York State Agricultural Experiment Station, Cornell University,
Geneva, New York.

air-solution interface is surface tension, which is
probably responsible for this latter mechanism. The
Dupré mechanism, in other words, might be visualized
ag tearing soil from the surface by the surface tension
of the advancing or receding interface.

If this explanation is valid, the effectiveness of the
Dupré mechanism should be related to surface ten-
sion; the mechanism should be most effective in solu-
tions of high surface tension and diminish in solutions
of lower surface tension. The experiment deseribed
below was designed to establish the relationship (if
any) between surface tension and the Dupré mech-
anism.

Theoretical Aspects

Although the equations set up in an earlier paper
(2) are eorrect, they do not allow separate considera-
tion of the two cleaning mechanisms. This can be
achieved by deseribing the cleaning process as:

—d(A)/dn =K, (A)

where (A) represents the amount of species 1 soil re-
maining after n washes, Ky is the rate constant for
species 1 soil removal, and n the number of washes,
each of constant time t*,
This can be integrated to give
In(A) =In(Ao) —Kin (1)

where {Ao) represents the amount of species 1 soil at
zero washes. K represents the cumulative rate of soil
removal by both the flow mechanism F and the Dupré
mechanism D i.e.
K1 = F1t1 + Dl

where t' is the time duration of one washing treat-
ment. By substitution in (1);

In(A) =In(Ao) — (nFt? +nuDy), or

Im(A) =In(Ao) — (Fit +nDy)



