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Abstract

The complexation of cetyltrimethylammonium bromide (CTAB) with sodium dodecyl sulfate (SDS) with sodium dodecyl benze
fonate (SDBS), with tetraiodophenolsulfonphthalein (TIPST) as a spectral substitute was investigated at pH 5.89 and 8.30 by the microsu
adsorption—spectral correction (MSASC) technique. The aggregations of TIPST, SDS, and SDBS on CTAB obeyed the Langmu
mal adsorption. The aggregates TIPST–CTAB, TIPST2–CTAB3, SDS3–CTAB2, and SDBS3–CTAB2 were formed at 20◦C and the binding
constants of all the aggregates were determined. The replacement of TIPST-binding CTAB monomer with SDS or SDBS at pH
applied to the quantitative determination of anionic detergent (AD) in water with satisfactory recovery.
 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Surfactants are extensively applied to industrial prod
tion, mining, equipment and device washing, daily life,
vironmental protection, medical treatment and sanitat
and other aspects. Besides, they are often used in s
tific research and academic laboratories, e.g., chemical
aration, trace extraction, and organic synthesis, becau
their solubilization and sensibilization functions. With r
spect to the surfactant’s interaction with organic compou
and dyes[1–5], polymers[6–9], and biomacromolecule
[10–12], many earlier investigations were reported in det
which included the effect of size and valency of the coun
rion, electrolyte concentration, temperature, and additio
an anionic surfactant[13,14]. However, the studies in th
area are still important and interesting for the theory
technology of dyeing, washing, separating, and sensibil
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ing. Investigations into the behavior of different substan
in surfactant aqueous solutions can, among other th
give useful information aboutthe mechanisms according
which surfactants operate as leveling agents and info
tion on the influence of compound–surfactant interacti
on the thermodynamics and kinetics of those processes
perimental methods mostly used were spectroscopy,
siometry, conductometry, extraction[15], and potentiome
try [16,17]. Some earlier models were proposed to exp
the synergism mechanism, e.g., synergism perturbation[18],
hydrogen-bond formation[19], micelle catalysis[20], and
rigid asymmetric microenvironments[21]. Each can explain
certain specific appearances but is suitable either for only
ionic surfactants or for only nonionic surfactant. We ha
established a novel approach named the MSASC techn
to characterize the dye–ionic surfactant interaction[22,23],
which is based on the Langmuir isothermal adsorption
ory. In spite of the fact that the surfactant mixtures as le
ing agents are of great practical importance because of
synergistic behavior, investigations into intermolecular in
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actions between organic compounds or dyes and surfac
in mixed surfactant systems are rare[24]. Because of the
weak electrostatic connection between the hydrophilic grou
of the ionic surfactant and the counterion, ordinary sp
troscopy, e.g., the UV method, is unfit for the direct measu
ment of surfactant–surfactant interaction. A spectral probe
e.g., dye, was once used as a substitute to investigate th
teraction of surfactant with proteins[25]. We tried to select a
proper ionic dye as substitute to determine the physicoch
ical properties of a cationic surfactant–anionic surfactan
mixed solution. The aim was to find a suitable experime
method, a procedure, and an appropriate theoretical m
for the quantitative study of surfactant–surfactant inter
tions. In this work, tetraiodophenolsulfonphthalein (TIPS
was chosen to characterize the interaction of cetyltrimethy-
lammonium bromide (CTAB) with sodium dodecyl sulfa
(SDS) and sodium dodecyl benzene sulfonate (SDBS).
structure of TIPST is given inFig. 1. It forms anion at
pH 5.89 and 8.30 and can be adsorbed on CTAB to f
the CTAB–TIPST aggregate. The dye has a strong lig
absorptivity at long wavelengths in neutral medium and
spectral shift of the aggregate is 60 nm at pH 5.89 and 15

Fig. 1. Structure draw of TIPST.
s

-

l

at pH 8.30. Thus, spectrophotometry can be used in
work. In the CTAB–TIPST solution, the addition of an a
ionic surfactant (S′), SDS or SDBS, to substitute for th
TIPST binding on CTAB was observed. The present w
was done in the diluted surfactant’s aqueous solutions so
surfactant was always in monomer form but not in mice
form. A novel method was developed for the investigation
the surfactant–surfactant interaction.

2. Principle

In Fig. 2, in surfactant (S), e.g., CTAB aqueous solutio
the self-aggregation of S molecules forms a big electros
global micelle (Fig. 2, left) when S is above the critical m
cellar concentration (CMC). The electrostatic attraction
an oppositely charged dye (L) occurs on S monomers
micelles until kinetic equilibrium (Fig. 2, middle). The ag-
gregation of L on S is in only a monolayer[22], so it obeys
Langmuir isothermal adsorption[26]. The following equi-
librium occurs in the L–S solution:

L + S (m.s.) → SLn (m.s.)

Initial state CL0 (A0, A′
0) CS0 0

Equilibrium CL CS0 (Ac)

The Langmuir isothermal equation was used,

(1)
1

γ
= 1

N
+ 1

KNCL
,

whereK is the equilibrium constant andCL the molarity
of free L in the equilibrium solution. The symbolγ indi-
cates the molar ratio of L adsorbed to S. With increa
L concentration,γ approaches a maximum,N , called the
n
Fig. 2. Sketch for the aggregation of dye(L) on cationic surfactant (S) and interaction of S and anionic surfactant (S′). (Left, S ion state; Middle, aggregatio
of L on S; Right, desorption and replacement of L and aggregation of S′ on S.)
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binding ratio. From the line forγ −1 vsC−1
L , we may calcu-

lateN andK. Because the electrostatic connection is alway
weaker than a covalent bond, the spectral shift is often s
in spite of the visible light range. The spectral correct
technique must be used in place of ordinary spectrosc
Therefore, bothCL andγ in Eq.(1) are calculated by mean
of [23]

(2)γ = η × CL0

CS
,

(3)CL = (1− η)CL0,

where

(4)η = Ac − �A

A0
.

CS andCL0 are the molarities of S and L added initially a
η indicates the effective fraction of L.Ac, A0, and�A are
the real absorbance of the S–L product, the absorban
the reagent blank against waterand that of the S–L solutio
against the reagent blank, respectively, directly measur
the peak wavelengthλ2. The Ac is calculated by the rela
tion [27],

(5)Ac = �A − β�A′

1− αβ
,

where �A′ indicates the absorbance of the S–L solut
measured at the valley absorption wavelengthλ1. In com-
mon, bothα andβ are the correction constants and they
determined by measuring SLn and L solutions directly[23].
In addition, the molar absorptivity (ε

λ2
r ) (it is not the appar

ent absorptivity,ελ2
a ) of SLn atλ2 is calculated by means o

(6)ελ2
r = NAc

δγCS
,

whereδ is the cell thickness (cm).
In the S–L solution, the addition of anionic surfactant (′)

can substitute the L from its S aggregate as shown inFig. 2,
right. The replacement reaction is followed:

SLn + S′ (m.s.) → SS′
m (m.s.) + L

Initial state CS0 (Ac) CS′ 0
Equilibrium CS (A′

c) CS CL + n(CS0 − CS)

The calculation formulas arefurther delivered as fol
lows [25]:

(7)γ = m = CS0 − CS

CS′
= CS0 − CS

CS0

× CS0

CS′
= η × CS0

CS′
,

(8)CS = CSL = (1− η)CCS0
,

where

(9)η = Ac − A′
c

Ac
= �Ac

Ac
.

The binding between S and S′ involves the electrostati
attraction and their carbon chains’ winding, so the interac
tion of S′ with S is stronger than that of L with S. Th
.

f

t

characterization of the S–S′ aggregate can be carried out
Eqs.(7), (8), and (9).

3. Experimental

3.1. Materials and instruments

Absorption spectra were recorded on a Lambda 25 s
trophotometer (Perkin–Elmer Instruments, USA) with a
cm cell. The Model DDS-11A conductivity meter (Tianj
Sec. Anal. Instruments, China) was used to measure con
tivity together with a Model DJS-1 conductivity immersio
electrode (electrode constant 0.98, Shanghai Tienkuang
vices, China) in production of deionized water between
and 1 (µ	 cm)−1. The pH of the solution was measur
with a 320-S pH meter (Mettler–Toledo Instruments, Sha
hai, China). The temperature was adjusted and remain
constant in electric heated thermostat bath, Model 1
(Changjiang Test Instruments, Tongzhou, China). A DSA
MK 2 Drop Shape Analysis System (Germany) was use
measure the surface tension of solutions.

3.2. Preparations

A stock standard solution of CTAB (10.00 mmol/l) was
prepared by dissolving cetyltrimethylammonium brom
(CTAB) (Shanghai Chemical Reagents) in deionized w
at 30◦C and then 1.00 mmol/l CTAB was prepared daily
by diluting the stock solution. The following anionic su
factant solutions were prepared to substitute TIPST f
its CTAB aggregate: Both of stock SDS and SDBS
lutions, 10.0 mmol/l were prepared by dissolving SD
and SDBS (Shanghai Chemical Reagents) in deionized
ter. They must be diluted before use. SDS was still u
as the standard substance for detection of AD. The s
TIPST solution was prepared by dissolving 1.000 g
tetraiodophenolsulfonphthalein (TIPST, FW 857.97, d
content 95%, B.D.H. Laboratory Chemicals, British Dr
Houses) in 50 ml ofN ,N ′-dimethylformamide (DMF, A.R.
Wulian Chemicals, Shanghai) and then diluting to 1000
with deionized water, which contains 1.107 mmol/l TIPST.
In the characterization of the CTAB–TIPST aggrega
0.2214 mmol/l TIPST was prepared daily by diluting th
stock solution. The ammonia and acetic buffer solutions
4.10–9.56) were used to adjust the acidity of solutions. A
lution was prepared by mixing 20.0 ml of 1.107 mmo/l
TIPST, 2.22 ml of 10.0 mmol/l CTAB, and 10 ml of pH 5.89
buffer solution and diluting to 100 ml with deionized wa
and it contains 0.200 mmol/l CTAB–TIPST aggregate with
out free CTAB. It was used in the desorption of TIPST fr
the aggregate and the interaction of CTAB with SDS
SDBS. To adjust the ionic strength of the aqueous soluti
2 mol/l NaCl was used. A Na2EDTA solution (5%) was
prepared to mask the foreign metal ions possibly coexi
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without further purification.

3.3. Methods

For the aggregation of TIPST on CTAB, into a 25-ml c
ibrated flask were added an appropriate working solutio
CTAB, 2.5 ml of buffer solution, and a known volume
0.2214 mmol/l TIPST. The mixture was diluted to 25 m
with deionized water and mixed thoroughly. After 5 m
measured the absorbance of the solution at pH 5.89 at
and 590.5 nm and those at pH 8.30 at 576 and 614 nm
spectively, against the reagent blank treated in the same wa
without CTAB. All Ac, η, CL , andγ of each solution were
calculated.

For the determination of AD, 10.0 ml of a sample w
taken in a 25-ml flask and 2.5 ml of pH 5.89 buffer so
tion, 2 ml of 5% Na2EDTA, and 1.0 ml of the CTAB–TIPST
aggregate solution were added. It was diluted to 25 ml
mixed well. After 5 min, the absorbances were measure
630 and 590.5 nm against a reagent blank.Ac and�Ac be-
tween the blank without AD and the sample solution w
calculated.

4. Results and discussion

4.1. Effect of pH on spectra and spectral analysis

The absorption spectra of the CTAB–TIPST solutions
various pHs are shown inFig. 3A. From spectra 1–14 an
curves 15 and 16, we observe that the interaction occu
a wide pH scope between 4.10 and 9.56. This is attribu
to the fact that TIPST is univalent. By comparing the pe
and valley of the spectra, it is more sensitive between
5.05 and 9.07. The formation of TIPST anion becomes
pH
as

l

Fig. 3. (A) Effect of pH on the absorption spectra of the TIPST–CTAB solutions against reagent blank without CTAB: curves from 1 to 14 indicate
from 4.10 to 9.56, where all the solutions contain 0.080 mmol/l CTAB and 0.02214 mmol/l TIPST. 15, absorbance variation at 630 nm; 16, same
15 but at 590.5 nm. (B) Spectra of TIPST and its CTAB aggregate solution against water at pH 5.89: 1, 0.02214 mmol/l TIPST, 2, TIPST (0.02214
mmol/l)–CTAB (0.030 mmol/l) monomer aggregate, 3, TIPST (0.02214 mmol/l)–CTAB (1.00 mmol/l) micellar aggregate containing 0.02214 mmo/l
TIPST, and 4, TIPST (0.02214 mmol/l)–CTAB (0.030 mmol/l)–SDS (1.00 mmol/l) solution. (C) same as B but at pH 8.30: 1, 0.02214 mmol/l TIPST and 2,
TIPST (0.02214 mmol/l)–CTAB (1.00 mmol/l) micellar aggregate.
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ficult in strongly acidic medium and the aggregation of
many OH− on CTAB will occur in strongly basic medium
Because the electrostaticattraction of CTAB to TIPST− is
weaker than that of TIPST2−, TIPST is easier to assemble
CTAB in a weaker basic solution than it is in a weaker a
solution. By investigating the CTAB–TIPST interaction
pH 5.89 and 8.30, curve 8 gives a lower valley than curve
From curve 8, the two wavelengths 630 and 590.5 nm w
used in the successive experiment at pH 5.89. With the s
way, both 576 and 614 nm from curve 12 were selecte
pH 8.30.Figs. 2B and 2Cshow the absorption spectra of t
TIPST solution and its CTAB aggregate without free TIP
at pH 5.89 and 8.30. The absorption peaks of TIPST ar
cated at 595 nm at pH 5.89 from curve B-1 and 605 nm
pH 8.30 from curve C-1 and those of the TIPST–CTAB
gregate at 655 nm at pH 5.89 and 590 nm from curve C
The spectral red shift of the aggregate at pH 5.89 is 60
but the spectral blue shift of the aggregate at pH 8.3
only 15 nm. In addition, by comparing curve 2 with 3
Fig. 2B, the large aggregate (TIPST:CTAB= 1:x, x > 1)
shows that the spectral peak is located at 605 nm. The s
tral blue shift of the large aggregate will be 50 nm aga
the monomer aggregate. Of course, ordinary spectropho
etry is unsuitable to the interaction of CTAB with TIPS
because of very short spectral shift. The correction c
ficients were calculated to beβTIPST = 0.282 at pH 5.89
from curves B-1,βTIPST = 0.418 at pH 8.30 from curve
C-1,αCTAB–TIPST = 0.704 at pH 5.89 from curves B-2, an
αCTAB–TIPST= 1.03 at pH 8.30 from curve C-2.

The effect of anionic surfactant, e.g., SDS, on the
sorption spectra of the CTAB–TIPST aggregate is show
curve B-4. Curve B-4 is coincident with curve B-1. Th
is attributed to the fact that SDS has replaced the TIPS
binding on CTAB to form the SDS–CTAB aggregate. T
replacement reaction is sensitive at pH 5.89 and it has
applied to the detection of AD in water. From curves
and 4, the correction coefficientsβ andα are the same a
the CTAB–TIPST interaction at pH 5.89.

4.2. Analysis of interaction of CTAB with TIPST

It is well known that the electrolyte directly affects t
CMC and the self-aggregation number of a surfactant. F
the change of the surface tension of the CTAB solu
as shown inFig. 4, the CMC of CTAB drops down to
0.1 mmol/l from 0.5 mmol/l by comparing curves 2 and
with curve 1. It is attributed to the fact that the addition of
buffer solution has increased the electrolyte up to 0.5 mo/l.
In the ammonium (NH3, NH+

4 ) and acetate (HOAc, OAc−)
medium, the hydrogen bond and electrostatic interactio
CTAB with NH3, NH+

4 and OAc−, HOAc may occur to
form CTAB–NH3 (NH+

4 ) and CTAB–OAc− (HOAc) mi-
celle complexes. Moreover, the binding number of N3
(NH+

4 ) and OAc− (HOAc) will be very high because th
electrolyte concentration is much more than CTAB. How
ever, the self-aggregation of CTAB will not occur wh
-

-

Fig. 4. (1) Change of surface tension of the CTAB solution; (2) same
but in the presence of pH 5.89 buffer; and (3) same as 1 but in the pre
of pH 8.30 buffer.

CTAB is below 0.1 mmol/l. Because the electrolyte–CTA
micelle complex will not cause color change of the soluti
the successive experiments will not be affected.

Fig. 5 shows the effect of CTAB molar concentration
the surface tension and the absorbance ratio of the solu
From curves 2 inFigs. 5A–5F, the increase of TIPST resul
in a right shift of the break points. This is attributed to t
fact that the TIPST substitutes NH3, NH+

4 and HOAc, OAc−
of the CTAB micelle complexes. From curves 1, we can
serve the right shift of the valley with increase of TIPS
Besides, the absorbance ratio rises when CTAB is ov
certain concentration. This is attributed to the fact that
oppositely charged species (TIPST anions) will attract m
CTAB cations to form a mixture of the CTAB–TIPST m
celle complex and the CTAB self-aggregation micelle wh
CTAB is more than 0.1 mmol/l. In addition, we observe tha
the shift of breakpoint of curves 2 is always synchron
with that of curves 1. Moreover, the breakpoint of curve
corresponds vertically to the valley point of curve 1. This
just to indicate that both CTAB and TIPST bind each othe
completely only at the breakpoints, where there are no
CTAB and no free TIPST. Therefore, the valley appear
the molar ratio 1:1 of CTAB to TIPST at pH 5.89 fro
curves 1 and the valley at 1.5:1 of CTAB to TIPST at
8.30. Preliminarily, we judged the composition of the agg
gates to be 1CTAB:1TIPST at pH 5.89 and 3CTAB:2TIP
at pH 8.30.

4.3. Effect of ionic strength and temperature

Fig. 6 shows the influence of the electrolyte NaCl
the TIPST–CTAB aggregation at pH 5.89 and 8.30. Beca
the buffer electrolyte concentration has been 0.5 mol/l, the
NH3 (NH+

4 ) and OAc− (HOAc) of the CTAB–NH3 (NH+
4 )

and CTAB–OAc− (HOAc) micelle complexes have been r
placed by TIPST. This is attributed to the strong interactio
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Fig. 5. (1) Dependence ofA590.5/A630 at pH 5.89 (A–C) on CTAB concentration and that ofA576/A614 at pH 8.30 (D–F). (2) Variation of the surfac
tension. From A to C and D to F, the solutions contained 0.009, 0.02214, and 0.04428 mmol/l TIPST, respectively.
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Fig. 6. Effect of ionic strength (1) and temperature (2) onγ of TIPST to
CTAB: (A) at pH 5.89 and (B) at 8.30. All the solutions initially conta
0.008 mmol/l CTAB and 0.02214 mmol/l TIPST.

of CTAB with TIPST. Besides the electrostatic attractio
the benzene ring of CTAB will attract three benzene rings
TIPST by hydrophobic bond as polycyclic aromatic hyd
carbons (PAH). Thus, the interaction of CTAB with TIPS
is not easy for the electrolyte to destroy. Though the a
tion of NaCl raised the electrolyte concentration, Cl− cannot
replace TIPST of the CTAB–TIPST micelle complex. Ho
ever, it can bind the free CTAB in the solution to form t
CTAB–Cl micelle complex, not to cause the color chan
of the solution. Therefore,γ of TIPST to CTAB remains
almost constant from curves 1. On the contrary, the in
ence of temperature onγ of TIPST to CTAB is so notable
from curves 2 thatγ decrease by 11% at pH 5.89 per i
creasing 10◦C and 8% at pH 8.30. It is attributed to the fa
that the noncovalent bond interaction is much weaker t
any chemical bond and it is easy to destroy at high temp
tures.

4.4. Characterization of the CTAB–TIPST aggregation

By varying the addition of TIPST, the absorption of t
CTAB–TIPST solutions at three temperatures at pH 5
and 8.30 was measured, where CTAB is much less
0.1 mmol/l. CL and γ of each solution were calculate
and their relationship is shown inFig. 7. All curves for
C−1

L vs γ −1 are linear so the aggregation of TIPST
CTAB monomer obeys the Langmuir monolayer adso
tion. From the intercepts and slopes, the binding const
of the TIPST–CTAB aggregates,N andK were calculated
as shown inTable 1. We have confirmed such results
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Fig. 7. Plotsγ −1 vs C
−1
L for the interaction of CTAB with TIPST a

three temperatures: (A) the solutions containing 0.0120 mmol/l CTAB and
TIPST between 0.0062 and 0.031 mmol/l at pH 8.30 and (B) the solution
containing 0.0160 mmol/l CTAB and TIPST between 0.0062 and 0.0
mmol/l at pH 5.89, 1, 20, 2, 40, and 3, 60◦C.

Table 1
Determination of binding constants of the CTAB–TIPST aggregate at p
5.89 and 8.30 at 20, 40, and 60◦C

pH of the Physicochemical Temperature,◦C

solution characterization 20 40 60

5.89 TIPST:CTAB (N ) 1:1 (1) 1:1 (1) 1:1+
2:3 (0.75)

K, ×105 l/mol 5.13 1.90 0.757
ε630 nm, ×104 l mol−1 cm−1 1.95 1.88 2.02

8.30 TIPST:CTAB (N ) 2:3 (0.67) 1:2 (0.5) 1:3 (0.33
K, ×105 l/mol 5.66 0.968 0.607
ε614 nm, ×103 l mol−1 cm−1 8.13 6.52 8.12

Note. N , binding number maximum of TIPST on CTAB monome
K , binding constant of the TIPST–CTAB aggregate; andε630 nm, molar
absorptivity of the TIPST–CTAB aggregate at 630 nm.

other classical methods, the double phase description m
[28] and continuous variations[29]. From Table 1, K al-
ways drops down with increased temperature andN be-
comes small at a higher temperature, such asN of TIPST
to CTAB from 1 at 20◦C to 0.75 at 60◦C in the pH 5.89
medium and from 0.67 at 20◦C to 0.33 at 60◦C in the pH
8.30 medium andK from 5.13× 105 l/mol at 20◦C to
0.757× 105 l/mol at 60◦C in the pH 5.89 medium an
from 5.66× 105 l/mol at 20◦C to 0.607× 105 l/mol at
60◦C in the pH 8.30 medium. Therefore, the desorpt
l

Fig. 8. Diagrammatic sketch for variation of the CTAB–TIPT aggreg
with temperature.

of TIPST will occur from its CTAB aggregate when th
temperature rises. The desorption process is sketche
Fig. 8. At pH 5.89, the aggregate, 1CTAB:1TIPST form
at 20 and 40◦C changes into the mixture of two aggregat
1CTAB:1TIPST and 3CTAB:2TIPST at 60◦C. Similarly,
the aggregate 3CTAB:2TIPST formed at 20◦C changes into
2CTAB:1TIPST at 40◦C and 3CTAB:1TIPST at 60◦C at
pH 8.30. In addition, from Eq.(6), ε

λ2
r of the aggregate wa

calculated as given inTable 1. For characterization of th
aggregate, the spectral correction technique is more sui
and simpler in operation than the classical methods ab
because of the strong light-absorption of L.

4.5. Replacement of TIPST and Interaction of CTAB with
SDS and SDBS

Because anionic surfactants, e.g., SDS and SDBS,
long carbon chains, they can bind CTAB to form firm m
celle complexes. Besides the electrostatic attraction force
the hydrogen bond and many PAH will be formed betw
CTAB and SDS or SDBS. Therefore, SDS and SDBS b
can replace TIPST in the CTAB–TIPST micelle compl
We found that the replacement reaction is very sensitive a
pH 5.89. This is very useful to investigate the interaction
cationic surfactant with anionic surfactant and sensitive
tection of anionic detergent (AD). By varying the additi
of SDS or SDBS into the CTAB–TIPST complex solutio
Ac of each solution,η of TIPST, andγ of CTAB to SDS or
SDBS were calculated by Eqs.(7), (8), and (9). The results
are shown inFig. 9. From the regression equations, the
teraction of CTAB with SDS and SDBS obeys the Langm
isothermal adsorption in only one monolayer. The bind
ratios of both SDS and SDBS to CTAB are 1.5 and the
grammatic sketch of the aggregates is given inFig. 9. K of
the aggregates was calculated to beKSDS–CTAB = 3.44×106

andKSDBS–CTAB = 2.23× 106 l/mol at room temperature
From the comparison of the slopes, SDBS has a stronge
traction force on CTAB than SDS. This is attributed to
fact that SDBS has a benzene ring to connect that of CT
by strong hydrophobic bonding.
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Fig. 9. Plotsγ −1 vs C−1
L for the interaction of CTAB with SDS at pH

5.89: (1) the solutions containing 0.020 mmol/l SDS and the CTAB–TIPST
aggregate between 0.004428 and 0.0354 mmol/l and (2) the solutions con
taining 0.020 mmol/l SDBS and the CTAB–TIPST aggregate betwe
0.004428 and 0.0354 mmol/l.

Fig. 10. Standard curve for the determination of AD with TIPST at
5.89 at 484.8 nm, where the solutions contain 0.0177 mmol/l CTAB–TIPST
aggregate in the presence of Na2EDTA.

4.6. Application of the replacement reaction to AD
detection

The standard curve,�Ac vs x (x is the SDS molar num
ber), from the series of standard SDS solutions is sh
in Fig. 10for the quantitative determination of AD in sam
ples. We observe that it is linear between 0 and 0.600 µ
of SDS. By adding 5% Na2EDTA in the SDS solution, the
influence of foreign substances, including ions, on the de
mination of CTAB was tested at pH 5.89. None affects
direct determination of 0.20 µmol of SDS (less than 10%
ror): 1 mg of humic acid, amino acid, Cl−, Ca(II), Mg(II),
0.5 mg of F−, Mn(II), Ni(II), Zn(II), Pb(II), Cu(II), Fe(III),
and Al(III).
Table 2
Determination of AD in water samples

Sample To flask, added Found, AD (µmol/l)

1. Lake water 10 ml of sample 0.0213± 0.0011a (0.020b)
RSD: 5.10%

0.200 µmol of SDS and 0.0433± 0.0006a (0.044b)
10 ml of sample Rec. 110%

2. Huaihe river 10 ml of sample 0.0267± 0.0013a (0.026b)
RSD: 4.90%

0.200 µmol of SDS and 0.0463± 0.0004a (0.047b)
10 ml of sample Rec. 97.8%

3. Local sewage 10 ml of sample 0.0270± 0.0004a (0.027b)
RSD: 1.40%

0.200 µmol of SDS and 0.0476± 0.0002a (0.046b)
10 ml of sample Rec. 98.4%

a Six replicated determinations by the present method.
b Average of three replicateddeterminations by ISO7875-1996[30].

RSD, relative standard deviation; Rec., recovery of SDS.

Three practical water samples were determined. Sam
was sampled from a lake, sample 2 from the Huaihe Ri
and sample 3 from a local sewage pipe. Six replicated
terminations of each were made and the results are give
Table 2, the accuracy of which has been confirmed by a c
ventional method[30]. From Table 2, the recovery of the
standard SDS added is between 97.8 and 110% with R
less than 5.1%. Therefore, the present method is suitabl
monitoring of water quality with a good selectivity.

5. Conclusions

Using a dye as a spectral substitute provides a novel
simple measurement approach tocharacterize complexatio
between surfactants. The cooperation of both the Lang
isothermal adsorption and the spectral correction (MSA
technique played an important role in the spectrome
study, which meets precision and accuracy criteria and
fers the additional benefits of simplicity and versatility. W
are sure that both the replacement reaction and the MS
technique will be applied widely in the future.
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