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DETERMINATION OF
DIALKYLDIMETHYLAMMONIUM
SURFACTANTS IN CONSUMER PRODUCTS AND
AQUEOUS ENVIRONMENTAL SAMPLES USING
THE MIXED MICELLE-BASED METHODOLOGY

ENCARNACION BORREGO, DOLORES SICILIA, SOLEDAD RUBIO and
DOLORES PEREZ-BENDITO"

Department of Analytical Chemistry, Faculty of Sciences, University of Cérdoba,
Av. S. Alberto Magno, s/n, E-14004 Cérdoba, Spain

(Received 6 November 1998; In final form 23 April 1999)

The determination of dialkyldimethylammonium surfactants (DDAS) based on the measurement of
the critical micelle concentration (CMC) of mixed sodium dodecylsulphate (SDS)-DDAS aggregates
in a basic medium ([NaOH]=4.8><IO'3 M) is proposed. The dye Coomassie Brilliant Blue G (CBBG)
was used as a photometric probe for the rapid determination of CMCs. Formation of CBBG-DDAS
and DDAS-SDS premicellar aggregates of well-defined stoichiometrics at cationic and anionic sur-
factant concentrations far below their CMCs is demonstrated. Increased SDS concentration in the
titration medium results in the formation of DDAS-SDS mixed micelles. The strong interaction
between the opposite charged head group of DDAS and SDS permits these cationic surfactants to be
determined at the ng miI™! level with a nearly uniform response for all the DDAS tested (12-18 alkyl
carbons). The relative standard deviation for 1.10 pg ml~! ditetradecyldimethylammonium bromide
(DTDAB) was 1.5%. The mixed-micelle based methodology was applied to the determination of
DDAS in softeners and aqueous environmental samples (river water and laundry effluents) with aver-
age recoveries ranged from 87.1 to 100.6 and from 96.3 to 104.0, respectively.

Keywords: Dialkyldimethylammonium surfactants; mixed-micelle based methodology; river water;
laundry effluents

INTRODUCTION

Cationic surfactants, although representing only a small percentage (less than
10%) of the total European surfactant production, are broadly used in consumer
products and industrial applications for their bacteriostatic, antistatic and textile

* Corresponding author. Fax: +34-957-218606. E-mail: galrubrs@lucano.uco.es
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softening properties. The most important cationic surfactant type is the formed
by dialkyldimethylammonium surfactants (DDAS) with typically 12-18 alkyl
carbons. They are used in fabric conditioning products and represent up to 70%
of total cationic surfactants.

Determination of DDAS in aqueous solutions is routinely performed by a
reduced number of photometric methods. The analytical basis of these non-spe-
cific determinations is the formation of solvent extractable compounds between
the cationic surfactant and an intensely coloured specie. The most commonly
used anionic reagent for this purpose is disulphine blue U1-3) whilst picric acid (4]
and orange II 51 have also found some application. Atomic absorption spectros-
copy has also been proposed for the determination of cationic surfactants (6-8].
an ion-pair between the cationic surfactant (=) or an anionic surfactant added in
an accurately measured excess to the sample (8] and an opposite charged reagent
containing a metal is extracted into an organic solvent. The metal (e.g.
cobalt 6:7], copper (8] present in the organic layer is measured by atomic absorp-
tion spectroscopy. Some of the methods based on absorbance °! or atomic
absorption measurements (101 have been automated using flow injection analysis
(FIA). On the other hand, the two-phase ion-pair titrations employ potentiomet-
ric "1, visual [12) or photometric (3l end point detection in this field. The titra-
tion is performed using an anionic (e.g. sodium tetraphenylborate (L 12) sodium
dodecylbenzenesulphonate [13)y or a cationic (e.g. benzyldimethyltetradecylam-
monium [13]) titration agent in the direct and indirect titration method, respec-
tively.

All the methods based on the formation of ion-pairs present some common
drawbacks such as: 1) the sensitivity is not high enough for determining the low
levels required in environmental monitoring of cationic surfactants (ng ml™'),
2) poor selectivity since anionic interferences interact more strongly with cati-
onic surfactants that does the anionic dye reagent and 3) recoveries which
depend on the chain length of DDAS.

Although electrochemical techniques based on selective electrodes ['4~13] have
also been used for the determination of cationic surfactants, they present impor-
tant disadvantages such as low sensitivity (1Lg mi™1), electrode stability problems
and non-linear responses.

In this paper we tried to solve some of these problems by using a new method-
ology [16] recently developed in our laboratory for the determination of
amphiphilic substances. This methodology is based on measurements of the crit-
ical micelle concentration (CMC) of binary mixtures of amphiphilic substances
(one of which is the analyte) and it has proved useful for the determination of
alkyl sulphates (a7, monoalkyl quaternary ammonium salts (18-19] alkoxylated
alcohols [16] and polysorbates (201 1n this context, anionic-cationic surfactant
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mixtures are a specially intriguing subset of surfactants inasmuch as the opposite
charges give rise to unusual solution aggregates of “pseudo-nonionic”
character [2!], These systems exhibit strong synergism relative to the properties
(e.g. CMC) of their individual compounds, and this behaviour permits the sensi-
tive determination of surfactants %), For this reason, the anionic surfactant
sodium dodecylsulphate was selected for the formation of binary mixtures with
DDAS. The applicability of the proposed method for the determination of the
cationic surfactants studied in consumer products (softeners) and aqueous envi-
ronmental samples (river water and laundry efﬂucnts) was evaluated.

EXPERIMENTAL

Chemicals

Commercially available highest grade chemicals were used throughout, without
further purification. A 6.6x107° M aqueous solution of Coomassie Brilliant Blue
G (CBBG, Sigma) was made by dissolving 0.0626 g of the reagent in 11 of dis-
tilled water with sonication for 15 min. Aqueous solutions of sodium chloride
(5.0 M), sodium hydroxide (8.0x1072 M) and sodium dodecyl sulphate (0.75 g
1_1, Aldrich) were also made. Solutions of the dialkyldimethylammonium sur-
factants (DDAS) didodecyldimethylammonium bromide (DDDAB, 10 mg 1t
Fluka), ditetradecyldimethylammonium bromide (DTDAB, 10 mg 1-!, Fluka),
dihexadecyldimethylammonium bromide (DHDAB, 1.0 mg l“l, Aldrich) and
dioctadecyldimethylammonium bromide (DODAB, 0.5 mg 17!, Fluka) were pre-
pared in distilled water. These stock solutions remained stable for at least one
week. The anion exchange resin Dowex 2X8 (chloride form, 50-100 mesh,
exchange capacity= 3.5 meq g_l) was obtained from Sigma. Solvents (chloro-
form and methanol) and alumina “B” were purchased from Panreac.

Apparatus

The equipment used consisted of a Mettler DL 40 Memotitrator furnished with a
10 ml autoburette, a fan stirrer, a titration vessel and a Mettler GA 14 recorder.
The detection unit was a Metrohm 662 spectrophotometer equipped with an
immersion probe (1 cm pathlength).

Samples collection and preservation

Samples from laundry effluent (Maria Auxiliadora, Cérdoba, Spain) and the
Guadalquivir River Cérdoba, Spain) were collected. All environmental samples
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were preserved with 1% formaldehyde and 10 pg m!™! of Triton X-100 to reduce
adsorption of the cationic surfactants to the inside of the polyethylene storage
containers. They were stored at 4°C prior to preparation. The softeners, Pryca,
Quanto and Lenor, manufactured by Tendesa S.A. (Madrid, Spain), Benckser
Espafia S.A. (Barcelona, Spain) and Procter-Gamble Espafia S.A. (Madrid,
Spain), respectively were analyzed as purchased.

Preparation of anion-exchange columns and alumina cartridges

Anion-exchange columns: The Dowex 2X8 anion-exchange resin (3.0 g) was
rinsed with two 20-ml portions of methanol with stirring for 30 min with each of
such portions. A plug of glass wool was placed in the bottom of an ion-exchange
column (10-mm i.d.) and was filled with the preconditioned resin (100-mm
long).

Alumina “B” cartridges: Alumina “B” (3.0 g) was baked at 450 °C for 1 h and
added to an cartridge (10-mm.d., 50-mm long). The alumina “B” cartridge was

rinsed by passing 30 ml of chloroform at a rate of less than 3 ml min™".

Isolation of cationic surfactants

Cationic surfactants were isolated from other anionic or nonionic surfactants
present in samples (laundry effluent, river water or softeners) by using the fol-
lowing procedure (Figure 1): 1) A volume of sample containing 25-500 pg of
total DDAS was evaporated to dryness at reduced pressure. The volume of the
sample should preferably not exceed 200 ml. 2) The cationic surfactants were
extracted from the dried residue with two 20 ml-portions of boiling methanol.
The whole methanolic extract was passed through the prepared anionic-exchange
Dowex 2X8 column at a rate of less than 1 ml min~! and the effluent was col-
lected into a round bottom flask. Then, the anionic exchange column was washed
with 10 ml of methanol in order to ensure quantitative recovery of the DDAS.
3) The combined effluents were evaporated to dryness at reduced pressure and
the dried residue was redissolved in 90 ml of chloroform. The chloroform extract
was passed through the prepared alumina “B” cartridge at a rate of less than 3 ml
min~! and the cartridge was rinsed with 30 ml of chloroform. 4) The cationic sur-
factants were eluted from the alumina “B” cartridge with 10 ml of chloro-
form/methanol (3:1) and the eluate was collected into a round bottom flask.
5) This eluate was evaporated to dryness at reduced pressure and the dried resi-
due was redissolved in 25 ml of distilled water. An aliquot (between 5 and 20 ml)
of this aqueous sample solution was analyzed as described afterwards.
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SAMPLE

Evaporation to dryness

SAMPLE RESIDUE

—Boiling CH; OH extraction
—Anionic exchange (Dowex 2X8)

l |

Anionic surfactants EFFLUENT

—Evaporation to dryness
—CHC], redissolution
—Cationic Exchange (Alumina B)

I ]
Eﬁ Nonionic surfactants
—CHCl3:CH,0H (3:1)
ELUATE

—Evaporation to dryness
—H, 0 redissolution

AQUEQUS ELUATE

MIXED MICELLES METHODOLOGY

FIGURE 1 Schematic procedure for the isolation of cationic surfactants

Procedure for the determination of cationic surfactants

Volumes of 4 ml of 6.6x107> M CBBG solution, 3 ml of 8.0x10~2 M sodium
hydroxide, 12,5 ml of 4 M sodium chloride, and an aliquot of standard, or treated
sample solution of DDAS were placed in a 50 ml standard flask and distilled
water was added to the mark. This solution was placed in a 100 ml titration ves-
sel and titrated with Q.75 g 17! SDS from the burette at a rate of 4 ml min~!. The
stirring rate was set at 250 rpm. Titration curves were obtained by recording the
absorbance at 600 nm as a function of the titrant volume. The end-point was
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determined graphically from the intercept of the straight lines extrapolated
before and after the equivalence point. The concentration of DDAS was deter-
mined from the following expression (1.
cM 1
- £C;, hHC
By plotting the parameter 1-C2M/C2 as a function of the concentration of cati-
onic surfactant (CIM), linear calibrations were obtained which indicates that the
activity coefficient of the analyte (f,) in the mixed micelle remained unchanged
and that of the titrant (f,) was unity over the range of CIM values considered.
C,M and C,M in eqn. (1) denote the concentrations of monomeric DDAS and
SDS, respectively, and C; and C, the CMC of pure DDAS and SDS, respec-

1 c,M (1)

tively. The sum of CIM and C2M corresponds to the critical micelle concentration

of the DDAS-SDS mixed micelles.

The parameters needed to construct the calibration graphs were extracted from
titration curves. Thus, the amount of surfactant used in the titration, expressed as
a molar concentration, corresponded to C2M and the threshold value for aggrega-
tion of SDS single micelles (C,) was determined from the surfactant consumed
in the titration of a blank solution (without DDAS).

RESULTS AND DISCUSSION

Study of CBBG-DDAS interactions

The dye CBBG has been frequently used for rapid CMC determinations (221 s
structure and those corresponding to the DDAS studied are depicted in Figure 2.
Since dye and DDAS bear charges of different sign their interaction will be gov-
erned by both electrostatic and hydrophobic forces. Evidence of the strong inter-
action between CBBG and DDAS in the basic titration medium (4.8><10‘3 M
NaOH) could be obtained from the DDAS-induced CBBG spectral changes.
Concentrations of DTDAB, which was the DDAS used as a model, far below its
CMC (lower than about two orders of magnitude) caused a considerable decrease
in the absorbance of CBBG at the maximum absorption peak (compare curves 3
and 4 in Figure 3). In a neutral medium, no evidence of interaction between
CBBG and DTDAB was observed (compare curves | and 2 in Figure 3).

In the basic titration medium, the possibility of a well-defined stoichiometry of
DTDAB to CBBG was investigated by using the mole-ratio method. Experi-
ments were carried out by mixing increasing DTDAB concentrations, far below
the CMC and within the range of analytical interest (0-4.0x107® M) and a con-
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B
CH,
R—IJJLCHS Br
!

DDAS R
DDDAB —(CH, );,—CHg
DTDAB ~(CH, ),5—CHa
DHDAB —(CHy ),5—CHg
DODAB ~(CHj );,—CHa

FIGURE 2 Structures of (A) CBBG and (B) DDAS

stant concentration of dye (5.3x10‘6 M). Figure 4 shows the variation of the
absorbance at 590 nm as a function of the DTDAB/CBBG ratio. The broken line
obtained suggested the formation of DTDAB : CBBG aggregates of different
stoichiometry (between 1:25 to 1:2) in proportion to the DTDAB concentration
increased. Based on these results and taking into account that CBBG has been
reported to form aggregates in water (18] 'we can conclude that dye aggregates
act as a nucleus from which monomers of DTDAB gradually associate.
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FIGURE 3 Spectra for Coomassie Brilliant Blue G (5.3><10_6 M) in a neutral (1, 2) and basic medium
([NaOH] = 4.8><10‘3M) (3-7), in the absence of surfactant (1, 3) and the presence of DTDAB (2.1 ug
ml™") (2, 4), DTDAB (2.1 pg mi™!) and SDS (18.4 pg mI™") (5), SDS (I.15g 1) (6), and
DTDAB-SDS (2.1 pg mI"! and 1.15 g ', respectively)

Study of CBBG-DDAS-SDS interactions

In the basic titration medium (4.8><10“3 M NaOH) addition of SDS, at concentra-
tions far below its CMC (lower than about three orders of magnitude), to the
DTDAB-CBBG system caused further modifications in the spectral features of
the dye (Figure 3, compare curves 4 and 5). Therefore, the possibility of a well
defined stoichiometry of SDS to DTDAB was also investigated. The concentra-
tions of dye and DTDAB were constant at 5.3%107> M and 4.0x107° M, whereas
that of SDS was changed between 0 and 3.0x107*M. A gradual increase in the
absorbance at 590 nm as a function of the SDS/DTDAB molar ratio was
observed (Figure 4B), which could be explained on the basis of the formation of
mixed SDS-DTDAB premicellar aggregates of different stoichiometry (between
1:1 and 9:1). At SDS/DTDAB molar ratios between 1:9 and 1:75 (results no
shown) no significant increase of the absorbance at 590 nm was observed.

Formation of single SDS micelles in the titration medium caused a bathochro-
mic shift in the maximum absorption of CBBG from 590 to 605 nm and a hyper-
chromic effect at 605 nm (curve 6 in Figure 3). Addition of DDAS, at the
micromolar level, to the SDS-CBBG system caused further modifications in the
spectral features of CBBG (compare curves 6 and 7 in Figure 3) due to the for-
mation of DDAS-SDS mixed micelles.
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FIGURE 4 Variation of the absorbance of Coomassie Brilliant Blue G (5.3)(10"6 M) at 590 nm as a
function of (A) DTDAB/CBBG and (B) SDS/DTDAB molar ratios. (B) [DTDAB] = 4.0x10°% M

Figure 5 shows the experimental curves obtained at 605 nm by titration of
4.0x107° M DTDARB, with SDS at different pH values. Initial absorbance was set
at 0.0. In the basic medium provided by NaOH, titration curves showed two dif-
ferent regions which corresponded to the formation of mixed DTDAB-SDS
premicellar and micellar aggregates, respectively. Thus, addition of very low vol-
umes of SDS resulted in a sharp increase in the absorbance recorded at 605 nm
until a maximum value was reached. This maximum increased as a function of
the sodium hydroxide concentration up to about 4.0x1073 M, then its value was
kept constant for higher hydroxide concentrations. The absorbance increment
was found to be proportional to the DTDAB concentration (Figure 9). Addition
of more SDS to the titration medium provided typical titration curves, the
end-point of which was also dependent on the pH of the medium (Figure 5).

In conclusion, CBBG interacts strongly with DTDAB in a basic medium which
induces the formation of cationic premicellar aggregates. The same behaviour
has been observed for all DDAS studied The anionic surfactant SDS is gradually
incorporated into the premicellar aggregates proportionally as its concentration is
increased to form mixed DDAS-SDS premicellar aggregates. At SDS concentra-
tions high enough, mixed DDAS-SDS micelles are formed that solubilize
CBBG.
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FIGURE 5 Variation of the absorbance of Coomassie Brilliant Blue G (5.3><10_6 M) at 605 nm as a
function of the volume of titrant (20 g l’l) SDS added to a titration vessel containing DTDAB (1.09
ug ml‘l) in a neutral (curve 1) and basic (curves 2-4) medium. [NaOH]: (curve 2) 1.6x1073 M, (curve
3)4.0x1072 M and (curve 4) 1.3x102 M

Optimization of the experimental conditions for the determination of DDAS

The effect of different variables (hydrogen ion and CBBG concentration, ionic
strength and dielectric constant) on C,, CZM and the measurement parameter
1-(C2M/C2) was investigated. The aim was two-fold: (1) to find the optimal
experimental conditions for determining DDAS (e.g. the best possible sensitivity
in their determination and the highest possible precision in the determination of
the end-point of titration curves) and (2) to compare the behaviour of
DDAS-SDS aggregates in both a neutral and basic medium.

The effect of altering the hydrogen ion concentration on the micellization of
DDAS-SDS aggregates and on the measurement parameter was studied by add-
ing sodium hydroxide (Figure 6B) and sulphuric acid (Figure 6A) in the titration
medium. Sulphuric acid was found to affect the spectral features of CBBG in
both aqueous and micellar media, so in this medium, titrations were performed at
650 nm in order to obtain adequate titration curves. Micellization of both single
SDS (C,) and mixed DDAS-SDS micelles (C, M) was markedly favoured by
addition of acids and bases to the titration medium (Figure 6A2 and 6B2, respec-
tively). However, different effects on the measurement parameter were observed.
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FIGURE 6 Influence of the (A,B) hydrogen ion concentration and (C,D) ionic strength on (1) the
measurement parameter and (2) C, and CZM, studied by adding (A) H,SO,, (B) NaOH and (C,D)
NaCl in a (C) neutral and (D) basic medium ([NaOH] =4.8x1073, M). [CBBG] =5.3x107% M;
[DTDAB]=1.10 ug ml™'; A =(A) 650 nm and (B, C, D) 605 nm

Addition of sulphuric acid to the titration medium resulted in a decrease in the
measurement parameter, which reached negative values at acid concentrations
higher than 1.5x1073 M (Figure 6A1). This effect was similar to that provided by
electrolytes in a neutral medium (Figure 6C1). On the other hand, the measure-
ment parameter increased as a function of the sodium hydroxide concentration
up to about 3.0x10° M (Figuré 6B1). The maximum value reached, which was
about 5-fold higher than that obtained in a neutral medium remained constant in
the sodium hydroxide concentration range between about 3.0x1073 M and
1.0x1072M. This behaviour cannot be only ascribed to an electrolytic effect but
to the dependence of the micellization process with pH.

The electrolyte effect on the micellization of both single and mixed aggregates,
and also on the measurement parameter, was examined by using sodium chloride
concentrations between 0 and 2.0 M. Figures 6C and 6D show the results
obtained in both a neutral and a basic ([NaOH]=4.8><10_3 M) medium, respec-
tively. Addition of electrolyte favoured the formation of both single and mixed
micellar aggregates of SDS whatever the pH of the titration medium (Figures
6C2 and 6D2), mainly owing to the decrease in the thickness of the ionic atmos-
phere surrounding the SDS anionic head groups and the consequent decreased
electrical repulsion between them in the aggregate. However, the variation of the
measurement parameter as a function of the electrolyte concentration was
strongly dependent on the pH of the titration medium. In a neutral medium, the
measurement parameter decreased on addition of sodium chloride at concentra-
tions between 0.2 and 1.4 M, reaching negative values at salt concentrations
higher than 0.6 M (Figure 6C1). On the contrary, no effect on the measurement
parameter over the sodium chloride concentration range tested was observed in
the basic titration medium (Figure 6D1).
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FIGURE 7 (A, B) Influence of the Coomassie Brilliant Blue G concentration on (1) the measurement
parameter and (2) C, and CZM in a (A) neutral and (B) basic medium ([NaOH] =48x1073 M).
(C) Variation of the absorbance of Coomassie Brilliant Blue G at 605 nm as a function of the volume
of titrant (20 g l“) SDS added to a titration vessel containing DTDAB (1.10 pg mi~L. [CBBGI:
(1) 2.6x107% M, (2) 5.3x1078 M and (3) 1.1x107> M. [NaOH]= 4.8x1073 M; A = 605 nm

Analytically, a basic medium ([NaOH] = 4.8x1073 M) and an ionic strength of
1 M adjusted with sodium chloride is recommended for determining DDAS in
real samples on the basis of the increased sensitivity and precision achieved, as
well as the unlikely dependence of the signal on the electrolyte content in the
analyzed sample.

Increasing concentrations of CBBG throughout the range studied (0.2-
2.4)><10'5 M resulted in a decrease of the CMC of single SDS micelles (C5) in
both a neutral and a basic ([NaOH]=4.8xlO"3 M) medium (Figures 7A2 and
7B2, respectively). Incorporation of the dye to SDS molecules decreased the
work required for micellization by decreasing the mutual repulsion of the anionic
surfactant heads in the micelle. The effect of CBBG concentration on the forma-
tion of mixed DDAS-SDS aggregates in a neutral medium was similar to that
observed on single SDS micelles (Figure 7A2, C2M). However in a basic
medium this effect was quite different; the C2M value increased as a function of
the CBBG concentration up to 8.0x107% M (Figure 7B2) due to competition
between CBBG and SDS to interact with DDAS (Figure 7C shows through the
absorbance increment at the initio of the titration how the formation of mixed
DDAS-SDS premicellar aggregates was disfavoured by increasing the CBBG
concentration). A decreased measurement parameter as a function of the dye
concentration was observed (Figures 7A1 and 7B1), this effect being more pro-
nounced in a basic medium. Taking into account these results and that CBBG
concentrations below about 5.0x107°M provided inadvisable since the absorb-
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FIGURE 8 Recovery of DTDAB achieved in the water evaporation process as a function of the cati-
onic surfactant concentration. Initial aqueous sample volume = 200 ml

ance increase as a function of the concentration of SDS was very small and
detracted from precision in the determination of the titration endpoint, a dye con-
centration of 5.3x107% M was selected as a photometric probe.

The effect of organic additives on the formation of both single and mixed
micelles was studied by addition of methanol and formaldehyde, at concentra-
tions up to 20%. The alcohol was found not to affect the formation of aggregates
in proportions below about 5%. Higher contents of this solvent disfavoured
micellization. On the other hand, micelles were no formed in the presence of for-
maldehyde at concentrations higher than 8%. Lower percentages of this solvent
disfavoured micellization. Organic additives can increase the CMC of surfactants
by disruption of the water structure, thus increasing the solubility of the mono-
meric form of the surfactant or decreasing the dielectric constant. No effect on
the measurement parameter in the presence of methanol was observed in the
range of concentrations tested. However, it decreased as a function of the formal-
dehyde concentration up to about 2 % and then it kept constant.
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FIGURE 9 Variation of the absorbance of Coomassie Brilliant Blue G (5.3)(10'6 M) at 605 nm as a
function of the volume of titrant (0.75 g I"1) SDS added to a titration vessel containing no cationic
(curve 1) surfactant or DTDAB concentrations of: (curve 2) 0.44, (curve 3) 0.88 and (curve 4) 1.32
pg mi~'. [NaOH] = 4.8x1073 M; [NaCl] = 1.0 M

Optimization of the DDAS isolation process

Cationic surfactants can be extracted from aqueous samples by stripping them
with nitrogen (23] the main drawback of this methodology being that molecules
adsorbed on suspended particles are not isolated. An more efficient extraction
method has been suggested by Osburn B3] which includes evaporation of the
aqueous sample to dryness and extraction by methanolic acid. Extraction from
the dried residue with boiling methanol has also been proposed (2], Separation of
the cationic surfactants from other possible interferents in the sample has been
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performed in an alumina B cartridge using a mixture of methanol and chloroform
as eluent [# 23] For isolation from anionic surfactants, anionic resins have been
employed (2.3,

Different studies were carried out in order to design a procedure for the separa-
tion of cationic surfactants from anionic and nonionic surfactants in aqueous
environmental samples. These studies were focused in selecting the best experi-
mental conditions for each of the different steps involved in the isolation process
(Figure 1).

Evaporation to dryness of water samples containing different amounts of
DTDAB proved that this surfactant is unstable at concentrations lower than
about 1 pg mi~!. The same behaviour was observed for all DDAS studied.
Recoveries of DTDAB decreased in proportion to the cationic surfactant did
(Figure 8). In order to avoid looses of DDAS during the water evaporation proc-
ess, different procedures described in the literature (2-31 for preservation of cati-
onic surfactants in aqueous samples were evaluated. Surfactants of different
nature: alkyl benzenesulphonate (sodium dodecyl benzenesulphonic acid), alkyl
sulphate (sodium hexadecyl sulphate) and alkylphenol ethoxylates (Triton N-60)
at different surfactant/DTDAB molar ratios (3:1 for anionic and 20:1 for noni-
onic surfactants) were added to a 200 ml-aqueous sample containing 0.4 jLg ml™!
of DTDAB before starting the water evaporation process. Recoveries of DTDAB
were determined by using the scheme depicted in Figure 1. The surfactants tested
proved to be unable to preserve DDAS at concentration levels lower than 1 pg
ml™1); no significant improvement in the recoveries of DTDAB from aqueous
samples was obtained in the presence of the anionic and nonionic surfactants
tested.

Separation of cationic from anionic surfactant was performed in a Dowex 2X8
anionic-exchange resin (Figure 1). It was checked that anionic surfactant at 3:1
anionic surfactant/DDAS molar ratios was completely removed from aqueous
samples containing 150 pug of DTDAB.

Different cationic-exchange and reverse phase materials for the separation of
DDAS from nonionic surfactants were tested. Results obtained are summarized
in Table I. Cationic resins such as Amberlite CG-50 and Amberlyst 15 were
found not to retain completely DTDAB under the experimental conditions tested.
Other cationic resins (e.g. Amberlite CG-120) completely retained DTDAB but
its elution was impossible. Hydrochloric acid demonstrated to be unable to elute
the cationic surfactant from Amberlite CG-120 and when BaCl or Fe(NO3);
solutions were used as eluent, precipitation occurred in the basic titration
medium. In order to avoid precipitation different complex agents were tested
(e.g. EDTA, fluoride and cyanide). Although in the presence of EDTA or fluoride
no precipitation occurred in the titration medium, no response for DTDAB using



17:37 17 January 2011

Downl oaded At:

196 ENCARNACION BORREGO et al.

the mixed micelle-based methodology was obtained. When precipitate was
removed before titration, DTDAB was not detected. Using reverse phase extrac-
tion columns of Cg retention of 100% DTDAB was achieved, however no elution
neither CH;OH nor CHCl; was provided. Finally, using alumina B cartridges the
best results were obtained; DTDAB was completely retained and a high percent-
age of the cationic surfactant (92.6%) was eluted by CHCI,;/CH;0H 1:3.

It was checked that the isolation of cationic from anionic and nonionic sur-
factants required both anionic and cationic exchange in the order specified in
Figure 1. Thus, DDAS were not retained in the alumina B cartridge in the pres-
ence of anionic surfactants.

Recovery of DDAS from spiked aqueous samples, after applying the complete
isolation procedure developed (Figure 1), was evaluated to be about 85 %.
Therefore, the determination of DDAs in consumer products and aqueous envi-
ronmental samples was performed by taking into account this recovery factor.

Calibration

Calibration graphs for DDAS were run by plotting 1—C2M/C2 versus the cationic
surfactant concentration (CIM). The DDAS selected for this purpose were those
used in consumer products and industrial applications (DDDAB, DTDAB,
DHDAB and DODAB). Figure 9 shows titration curves obtained under the opti-
mized experimental conditions ([NaOH]=4.8x10"3 M, NaCl]= 1 M) in the
absence (curve 1) and presence of different DTDAB concentrations (curves 2—4).
Table II compares the figures of merit of the calibration graphs obtained for each
of cationic surfactants tested. Linear calibration curves were obtained in all cases
[standard errors of the estimate and' correlation coefficients varied over the
ranges (0.4—1.0))(10‘2 and 0.992-0.9996, respectively]; therefore, parameters f,
and f; remained constant over these linear concentration ranges. Also, intercept
values were not significantly different from zero, so f, (the activity coefficient
for SDS in the mixed micelles) should be approximately unity.

As can be inferred from the slopes of the calibration curves obtained (Table II),
a nearly uniform response was exhibited by the DDAS examined. The greater
DDAS concentration in the linear concentration range was fixed for the solubil-
ity in water of each cationic surfactant; thus, the narrowest linear concentration
range was obtained for the most hydrophobic surfactant (DODAB).

The precision of the proposed method, expressed as relative standard devia-
tion, was 1.5% (n=11) at a DTDAB concentration of 1.10 pg mi~!,
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TABLE II Analytical figures of merit of the proposed method for the determination of DDAS

DoAs  Linearconcemration gy gy Spessd a o SEE)
DDDAB 0.1-1.8 (9£3)x1073 0.274 £ 0.004  0.9995 0.5
DTDAB 0.1-1.8 (4£3)x 1073 0.266+0.003  0.9996 0.5
DHDAB 0.1-0.6 2+7)x107? 0.26 £ 0.02 0.992 1.0
DODAB 0.1-03 (0£3)x 1073 0.27 £ 0.02 0.992 0.4

a. Correlation coefficient, n = 8; Pstandard error of the estimate

b. [NaOH] = 4.8x1073M, [NaCl] = 1.0M, C, = (8.7£0.2)x107> M

Determination of DDAS in consumer products and aqueous environmental

samples

In order to test the applicability of the proposed methodology for the determina-
tion of DDAS in consumer products, it was used for the analysis of these cationic
surfactants in different commercial softeners. Results obtained using the mixed
micelle-based methodology (Table III) were consistent with those provided by
the disulphine blue standard method i, Recovery studies from these commercial
products were performed by spiking different softeners with 1.0 and 2.0 mg/g
DTDAB. Results obtained are also shown in Table III. It can be seen that the

recoveries found were highly satisfactory.

TABLE Il Recovery of DTDAB from softeners

Concentration (mg/g)

Trade name Recovery (%)
Added Found Y(s.d.)
Pryca 3.2(0.19)
1.0 3.89 (0.08) 920
20 4.7 (0.10) 90.4
Quanto 2.26 (0.09)
1.0 2.84 (0.08) 87.1
2.0 3.9(0.22) 91.5
Lenor 4.07 (0.15)
1.0 4.8 (0.17) 94.7
20 6.1 (0.16) 100.5

a. Mean of three independent determinations.
b. standard deviation.
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The ability of the mixed micelle-based methodology to determine DDAS in
aqueous environmental samples was confirmed by spiking different cationic sur-
factants-free water samples (river water and laundry effluents) with DTDAB
concentrations comprised between 1.3 and 15.0 mg/g. The average recoveries for
the water samples ranged from 96.3 to 104.0 (see Table IV), which testifies the
fitness of the proposed method to its intended purpose.

TABLE IV Recovery of DTDAB from effluents

Concentration (mg/g)

Sample Recovery (%)
Added Found b(s.d.)
River Water 3.0 2.9(0.18) 96.7
5.0 5.2(0.23) 104.0
70 7.1(0.16) 101.4
Laundry effluent 13 1.3 (0.08) 100.0
3.0 3.1(0.19) 103.3
50 4.91 (0.06) 98.2
7.0 7.1(0.18) 101.4
10.4 10.2(0.2) 98.1
12.0 12.1 (0.16) 100.8
15.0 14.8 (0.25) 98.7

a. Mean of three independent determinations.
b. standard deviation.

CONCLUSIONS

The mixed micelle-based methodology has been demonstrated to offer important
advantages over the widely used non-specific analytical methods based on
ion-pairs : 1) higher sensitivity (the strong interaction between the opposite
charged head groups of the DDAS and SDS, used as titrant, permits the determi-
nation of these cationic surfactants at the ng ml™! level. Sensitivity afforded by
methods based on ion-pairs is at the pug ml™! level), 2) responses that are inde-
pendent of the alkyl chain length, 3) rapidity (titration curves can be recorded in
a few seconds) and 4) highly experimental simplicity. This method has been suc-
cessfully applied to the determination of DDAS in consumer products (softeners)
and aqueous environmental samples (river water and laundry effluents).
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Further studies are required in order to avoid losses of DDAS during treatment;
specially at low DDAS concentrations (lower than 1 g ml™h).
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