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Abstract

The complexation of cetyltrimethylammonium bromide (CTAB) with sodium dodecyl sulfate (SDS) with sodium dodecyl benzene sul-
fonate (SDBS), with tetraidophenolsulfonphthalein (TIPST) as a spalctubstitute was investigated at pH 5.89 and 8.30 by the microsurface
adsorption—spectral correction (MSASC) technique. The aggregations of TIPST, SDS, and SDBS on CTAB obeyed the Langmuir isother-
mal adsorption. The aggregates TIPST-CTAB, TIRSITAB3, SDS—CTAB,, and SDB3—CTAB, were formed at 20C and the binding
constants of all the aggregates were determined. The replacement of TIPST-binding CTAB monomer with SDS or SDBS at pH 5.89 was
applied to the quantitative determination of anionic detergent (AD) in water with satisfactory recovery.

0 2004 Elsevier Inc. All rights reserved.
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1. Introduction ing. Investigations into the behavior of different substances
in surfactant aqueous solutions can, among other things,
Surfactants are extensively applied to industrial produc- give useful information abouhe mechanisms according to
tion, mining, equipment and device washing, daily life, en- which surfactants operate as leveling agents and informa-
vironmental protection, medical treatment and sanitation, tion on the influence of compound—surfactant interactions
and other aspects. Besides, they are often used in scienon the thermodynamics and kinetics of those processes. Ex-
tific research and academic laboratories, e.g., chemical sepperimental methods mostly used were spectroscopy, ten-
aration, trace extraction, and organic synthesis, because okjometry, conductometry, extractigh5], and potentiome-
their solubilization and sensibilization functions. With re- try [16,17] Some earlier models were proposed to explain
spect to the surfactant’s interaction with organic compounds the synergism mechanism, e.g., synergism perturbftgin
and dyes[1-5], polymers[6-9], and biomacromolecules hydrogen-bond formatiofi9], micelle catalysig20], and
[10-12] many earlier investigations were reported in detail, rigid asymmetric microenvironmeni21]. Each can explain
which included the effect of size and Valency of the counte- certain Specific appearancest el suitable either for on|y
rion, electrolyte concentration, temperature, and addition of jonjc surfactants or for only nonionic surfactant. We have
an anionic surfactar{tl3,14] However, the studies in this  established a novel approach named the MSASC technique
area are still important and interesting for the theory and g characterize the dye—iansurfactant interactiof22,23]
technology of dyng, washing, separating, and sensibiliz- \yhich is based on the Langmuir isothermal adsorption the-
ory. In spite of the fact that the surfactant mixtures as level-
* Corresponding author. Fax: +86-21-6598-8598. ing agents are of great practical importance because of their
E-mail address: hwgao@mail.tongji.edu.c(H.-W. Gao). synergistic behavior, investigations into intermolecular inter-
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actions between organic compounds or dyes and surfactantsat pH 8.30. Thus, spectrophotometry can be used in this
in mixed surfactant systems are rd22]. Because of the  work. In the CTAB-TIPST solution, the addition of an an-
weak electrostatic connectibetween the hydrophilicgroup  ionic surfactant (9, SDS or SDBS, to substitute for the
of the ionic surfactant and the counterion, ordinary spec- TIPST binding on CTAB was observed. The present work
troscopy, e.g., the UV method, is unfit for the direct measure- was done in the diluted surfactant’s aqueous solutions so the
ment of surfactant—surfactamtéeraction. A spectral probe, surfactant was always in monomer form but not in micellar
e.g., dye, was once used as a substitute to investigate the inform. A novel method was developed for the investigation of
teraction of surfactant with proteifi25]. We tried to selecta  the surfactant—surfactant interaction.

properionic dye as substitute to determine the physicochem-

ical properties of a cationic sfactant—anionic surfactant

mixed solution. The aim was to find a suitable experimental 2. Principle

method, a procedure, and an appropriate theoretical model

for the quantitative study of surfactant—surfactant interac-  In Fig. 2, in surfactant (S), e.g., CTAB aqueous solution,
tions. In this work, tetraiodophenolsulfonphthalein (TIPST) the self-aggregation of S molecules forms a big electrostatic
was chosen to characterize théeiraction of cetyltrimethy-  global micelle Fig. 2 left) when S is above the critical mi-
lammonium bromide (CTAB) with sodium dodecyl sulfate cellar concentration (CMC). The electrostatic attraction of
(SDS) and sodium dodecyl benzene sulfonate (SDBS). Thean oppositely charged dye (L) occurs on S monomers and
structure of TIPST is given ifFig. 1 It forms anion at micelles until kinetic equilibriumFKig. 2, middle). The ag-

pH 5.89 and 8.30 and can be adsorbed on CTAB to form gregation of L on S is in only a monolayg2], so it obeys

the CTAB-TIPST aggregate. The dye has a strong light- Langmuir isothermal adsorptidi26]. The following equi-
absorptivity at long wavelengths in neutral medium and the librium occurs in the L-S solution:

spectral shift of the aggregate is 60 nm at pH 5.89 and 15 nm

L + S(ms.) — SL, (m.s.)
0] Initial state CL, (Ao, Ap) Csy 0
| Equilibrium €L Cs, (Ac)
w I The Langmuir isothermal equation was used,
1 1 1
y N  KNCL
|

: :303 of free L in the equilibrium solution. The symbel indi-

where K is the equilibrium constant an@| the molarity
cates the molar ratio of L adsorbed to S. With increased
Fig. 1. Structure draw of TIPST. L concentrationy approaches a maximurd, called the

i1 cation sufactant (3) monomer
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Fig. 2. Sketch for the aggregation of dfte) on cationic surfactant (S) and interaction of S and anionic surfactant((®ft, S ion state; Middle, aggregation
of L on S; Right, desorption and replacement of L and aggregatioh oh S.)
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binding ratio. From the line fop ~1 vs CL‘l, we may calcu-
late N andK . Because the electrositaconnection is always
weaker than a covalent bond, the spectral shift is often small
in spite of the visible light range. The spectral correction

technique must be used in place of ordinary spectroscopy.

Therefore, bothC| andy in Eq. (1) are calculated by means
of [23]

CL,
= _— 2
y=nxoes (2
CL=(1—-nCy,, (3)
where
Ac— AA
n Ao (4)

Cs andCy, are the molarities of S and L added initially and
n indicates the effective fraction of LA¢, Ag, andAA are
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characterization of the S-&ggregate can be carried out by
Eqgs.(7), (8), and (9)

3. Experimental
3.1. Materials and instruments

Absorption spectra were recorded on a Lambda 25 spec-
trophotometer (Perkin—Elmer Instruments, USA) with a 1-
cm cell. The Model DDS-11A conductivity meter (Tianjin
Sec. Anal. Instruments, China) was used to measure conduc-
tivity together with a Model DJS-1 conductivity immersion
electrode (electrode constant 0.98, Shanghai Tienkuang De-
vices, China) in production of deionized water between 0.5
and 1 (2cm)~L. The pH of the solution was measured

the real absorbance of the S—L product, the absorbance ofvith @ 320-S pH meter (Mettler—Toledo Instruments, Shang-

the reagent blank against waterd that of the S—L solution

hai, China). The temperawiwas adjusted and remained

against the reagent blank, respectively, directly measured atconstant in electric heated thermostat bath, Model 116R

the peak wavelength,. The A is calculated by the rela-
tion [27],

_ AA—BAA
AC— 1—0([3 ’ (5)

where AA’ indicates the absorbance of the S—L solution
measured at the valley absorption wavelengthIn com-
mon, bothe andg are the correction constants and they are
determined by measuring sland L solutions directly23].
In addition, the molar absorptivit)eﬁz) (it is not the appar-
ent absorptivityeéz) of SL,, at is calculated by means of
bz NAc
8y Cs

wheres is the cell thickness (cm).

In the S—L solution, the addition of anionic surfactar) (S

can substitute the L from its S aggregate as showfign2,
right. The replacement reaction is followed:

(6)

SL, + S (ms.)— SS, (ms.)+ L
Initial state Cs, (Ac) Cg 0
Equilibrium Cgs (Ag) Cs CL+n(Cgy —Cs)

The calculation formulas ar@&rther delivered as fol-

lows [25]:

Cs,—C Cs,—C C C
%-Cs_Co=Cs Cs_  Cs

= = s 7
y=m Cs Cs, Cs o U
Cs=CsL=(1-nCcs,. )
where

Ac— AL AAc

= = . 9

n i A (9)

The binding between S and Bivolves the electrostatic
attraction and their carbon ams’ winding, so the interac-
tion of S with S is stronger than that of L with S. The

(Changjiang Test Instruments, Tongzhou, China). A DSA 10
MK 2 Drop Shape Analysis System (Germany) was used to
measure the surface tension of solutions.

3.2. Preparations

A stock standard solution of CTAB (10.00 mmiflwas
prepared by dissolving cetyltrimethylammonium bromide
(CTAB) (Shanghai Chemical Reagents) in deionized water
at 30°C and then 1.00 mmgl CTAB was prepared daily
by diluting the stock solution. The following anionic sur-
factant solutions were prepared to substitute TIPST from
its CTAB aggregate: Both of stock SDS and SDBS so-
lutions, 10.0 mmall were prepared by dissolving SDS
and SDBS (Shanghai Chemical Reagents) in deionized wa-
ter. They must be diluted before use. SDS was still used
as the standard substance for detection of AD. The stock
TIPST solution was prepared by dissolving 1.000 g of
tetraiodophenolsulfonphthalein (TIPST, FW 857.97, dye
content 95%, B.D.H. Laboratory Chemicals, British Drug
Houses) in 50 ml oV, N’-dimethylformamide (DMF, A.R.,
Waulian Chemicals, Shanghai) and then diluting to 1000 ml
with deionized water, which contains 1.107 miidlPST.

In the characterization of the CTAB-TIPST aggregate,
0.2214 mmoll TIPST was prepared daily by diluting the
stock solution. The ammonia and acetic buffer solutions (pH
4.10-9.56) were used to adjust the acidity of solutions. A so-
lution was prepared by mixing 20.0 ml of 1.107 mmiol
TIPST, 2.22 ml of 10.0 mmgl CTAB, and 10 ml of pH 5.89
buffer solution and diluting to 100 ml with deionized water
and it contains 0.200 mmy3ICTAB-TIPST aggregate with-
out free CTAB. It was used in the desorption of TIPST from
the aggregate and the interaction of CTAB with SDS and
SDBS. To adjust the ionic strength of the aqueous solutions,
2 mol/l NaCl was used. A NgEDTA solution (5%) was
prepared to mask the foreign metal ions possibly coexisted
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in samples. All reagents wed analytical grade and used aggregate solution were added. It was diluted to 25 ml and

without further purification. mixed well. After 5 min, the absorbances were measured at
630 and 590.5 nm against a reagent blahkand A A be-

3.3. Methods tween the blank without AD and the sample solution were
calculated.

For the aggregation of TIPST on CTAB, into a 25-ml cal-
ibrated flask were added an appropriate working solution of
CTAB, 2.5 ml of buffer solution, and a known volume of 4. Resultsand discussion
0.2214 mmoll TIPST. The mixture was diluted to 25 ml
with deionized water and mixed thoroughly. After 5 min, 4.1. Effect of pH on spectra and spectral analysis
measured the absorbance of the solution at pH 5.89 at 630
and 590.5 nm and those at pH 8.30 at 576 and 614 nm, re- The absorption spectra of the CTAB-TIPST solutions at
spectively, against the reagdniank treated in the same way various pHs are shown iRig. 3A. From spectra 1-14 and
without CTAB. All A¢, n, CL, andy of each solution were  curves 15 and 16, we observe that the interaction occurs in
calculated. a wide pH scope between 4.10 and 9.56. This is attributed
For the determination of AD, 10.0 ml of a sample was to the fact that TIPST is univalent. By comparing the peak
taken in a 25-ml flask and 2.5 ml of pH 5.89 buffer solu- and valley of the spectra, it is more sensitive between pH
tion, 2 ml of 5% NaEDTA, and 1.0 ml of the CTAB-TIPST  5.05 and 9.07. The formation of TIPST anion becomes dif-
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Fig. 3. (A) Effect of pH on the absorption spectra of the TIPST-CTAB timis against reagent blank without CTAB: curves from 1 to 14 indicate pH
from 4.10 to 9.56, where all the solutions contain 0.080 minGTAB and 0.02214 mmgl TIPST. 15, absorbance variation at 630 nm; 16, same as
15 but at 590.5 nm. (B) Spectra of TIPST and its CTAB aggtte solution against water at pH 5.89: 1, 0.02214 mihmblPST, 2, TIPST (0.02214
mmol/l)-CTAB (0.030 mmo/l) monomer aggregate, 3, TIPST (0.02214 mp)eiCTAB (1.00 mmo}l) micellar aggregate containing 0.02214 mitiol
TIPST, and 4, TIPST (0.02214 mmd-CTAB (0.030 mmo}l)-SDS (1.00 mmall) solution. (C) same as B but at pH 8.30: 1, 0.02214 m#iibIPST and 2,
TIPST (0.02214 mmgl)—CTAB (1.00 mmoy|) micellar aggregate.
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ficult in strongly acidic medium and the aggregation of too
many OH" on CTAB will occur in strongly basic medium.
Because the electrostatittraction of CTAB to TIPST is
weaker than that of TIPST, TIPST is easier to assemble on
CTAB in a weaker basic solution than it is in a weaker acid
solution. By investigating the CTAB-TIPST interaction at
pH 5.89 and 8.30, curve 8 gives a lower valley than curve 12.
From curve 8, the two wavelengths 630 and 590.5 nm were
used in the successive experiment at pH 5.89. With the same
way, both 576 and 614 nm from curve 12 were selected at
pH 8.30.Figs. 2B and 2Ghow the absorption spectra of the
TIPST solution and its CTAB aggregate without free TIPST
at pH 5.89 and 8.30. The absorption peaks of TIPST are lo-
cated at 595 nm at pH 5.89 from curve B-1 and 605 nm at 0 . . .
pH 8.30 from curve C-1 and those of the TIPST-CTAB ag- 0.00 0.30 0.60 0.90 1.20
gregate at 655 nm at pH 5.89 and 590 nm from curve C-2. CTAB, mmol/l

The spectral red shift of the aggregate at pH 5.89 is 60 nm _ _ ,
Fig. 4. (1) Change of surface tension of the CTAB solution; (2) same as 1

but the spectral blu_e shift of the ag_gregate at pH 8'3(_) IS but in the presence of pH 5.89 buffer; and (3) same as 1 but in the presence
only 15 nm. In addition, by comparing curve 2 with 3 in ot o g.30 buffer.

Fig. 2B, the large aggregate (TIPST:CTABL:x, x > 1)

shows that fche spectral peak is Iocated_at 605 nm. The SPECTTAB is below 0.1 mmall. Because the electrolyte—CTAB
tral blue shift of the large aggregate will be 50 nm against e complex will not cause color change of the solution,
the monomer aggregate. Of course, ordinary spectrophotomnthe successive experiments will not be affected.

etry is unsuitable to the interaction of CTAB with TIPST Fig. 5shows the effect of CTAB molar concentration on

because of very short spectral shift. The correction coef- o g rface tension and the absorbance ratio of the solution.
ficients were calculated to beripst = 0.282 at pH 5.89  £rom curves 2 irFigs. 5A-5F the increase of TIPST results
from curves B-1,fripst = 0.418 at pH 8.30 from curve i 4 right shift of the break points. This is attributed to the
C-1, acta—mipsT=0.704 at pH 5.89 from curves B-2, and - ¢t that the TIPST substitutes NHNH;™ and HOAc, OAC
acTAs-TipsT= 1.03 at pH 8.30 from curve C-2. of the CTAB micelle complexes. From curves 1, we can ob-
The effect of anionic surfactant, e.g., SDS, on the ab- gerye the right shift of the valley with increase of TIPST.
sorption spectra of the CTAB-TIPST aggregate is shown asgegjdes, the absorbance ratio rises when CTAB is over a
curve B-4. Curve B-4 is coincident with curve B-1. This  certain concentration. This is attributed to the fact that the
is attributed to the fact @t SDS has replaced the TIPST  55qsitely charged species (TIPST anions) will attract many
binding on CTAB to form the SDS-CTAB aggregate. The cTAB cations to form a mixture of the CTAB=TIPST mi-
replacement reaction is sensitive at pH 5.89 and it has been.g e complex and the CTAB self-aggregation micelle when
applied to the detection of AD in water. From curves 2 cTAB is more than 0.1 mmgl. In addition, we observe that
and 4, the correction coefficientsanda are the same as  the shift of breakpoint of curves 2 is always synchronous

Surface tension, mN/m

the CTAB-TIPST interaction at pH 5.89. with that of curves 1. Moreover, the breakpoint of curves 2
. . . . corresponds vertically to the valley point of curve 1. This is
4.2. Analysis of interaction of CTAB with TIPST just to indicate that both TAB and TIPST bind each other

. ) completely only at the breakpoints, where there are no free

It is well known that the electrolyte directly affects the 1AB and no free TIPST. Therefore, the valley appears at
CMC and the self-aggregation number of a surfactant. From he molar ratio 1:1 of CTAB to TIPST at pH 5.89 from
the change of the surface tension of the CTAB solution -rves 1 and the valley at 1.5:1 of CTAB to TIPST at pH

as shown inFig. 4, the CMC of CTAB drops down to g 30, preliminarily, we judged the composition of the aggre-

0.1 mmoJ1 from 0.5 mmo}| by comparing curves 2and 3 gates to be 1CTAB:1TIPST at pH 5.89 and 3CTAB:2TIPST
with curve 1. Itis attributed to the fact that the addition of the 4t b 8.30.

buffer solution has increased the electrolyte up to 0.5/mol

In the ammonium (NH, NH;) and acetate (HOAc, OAQ 4.3. Effect of ionic strength and temperature

medium, the hydrogen bond and electrostatic interaction of

CTAB with NHz, NH; and OAc’, HOAc may occur to Fig. 6 shows the influence of the electrolyte NaCl on
form CTAB-NH;3 (NHj{) and CTAB-OAc (HOAc) mi- the TIPST-CTAB aggregation at pH 5.89 and 8.30. Because
celle complexes. Moreover, the binding number of ;NH the buffer electrolyte carentration has been 0.5 miglthe
(NH;) and OAc™ (HOAc) will be very high because the  NH3 (NH;) and OAc (HOAc) of the CTAB-NH; (NH;)
electrolyte concetnation is much more than CTAB. How- and CTAB-OAc (HOAc) micelle complexes have been re-
ever, the self-aggregation of CTAB will not occur when placed by TIPST. This is attribetl to the strong interaction
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Fig. 6. Effect of ionic strength (1) and temperature (2)o0f TIPST to
CTAB: (A) at pH 5.89 and (B) at 8.30. All the solutions initially contain
0.008 mmofl CTAB and 0.02214 mmgl TIPST.

of CTAB with TIPST. Besides the electrostatic attraction,
the benzene ring of CTAB willt&ract three benzene rings of
TIPST by hydrophobic bond as polycyclic aromatic hydro-

carbons (PAH). Thus, the interaction of CTAB with TIPST
is not easy for the electrolyte to destroy. Though the addi-
tion of NaCl raised the electrolyte concentration; €annot
replace TIPST of the CTAB-TIPST micelle complex. How-
ever, it can bind the free CTAB in the solution to form the
CTAB-CI micelle complex, not to cause the color change
of the solution. Thereforey of TIPST to CTAB remains
almost constant from curves 1. On the contrary, the influ-
ence of temperature gn of TIPST to CTAB is so notable
from curves 2 thay decrease by 11% at pH 5.89 per in-
creasing 10C and 8% at pH 8.30. It is attributed to the fact
that the noncovalent bond interaction is much weaker than
any chemical bond and it is easy to destroy at high tempera-
tures.

4.4. Characterization of the CTAB-TIPST aggregation

By varying the addition of TIPST, the absorption of the
CTAB-TIPST solutions at three temperatures at pH 5.89
and 8.30 was measured, where CTAB is much less than
0.1 mmoJl. C. and y of each solution were calculated
and their relationship is shown iRig. 7. All curves for
CL‘1 vs y~1 are linear so the aggregation of TIPST on
CTAB monomer obeys the Langmuir monolayer adsorp-
tion. From the intercepts and slopes, the binding constants
of the TIPST-CTAB aggregates; and K were calculated
as shown inTable 1 We have confirmed such results by
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Fig. 7. PlotS)Fl Vs Cl__1 for the interaction of CTAB with TIPST at
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TIPST between 0.0062 and 0.031 mfialt pH 8.30 and (B) the solutions
containing 0.0160 mmgl CTAB and TIPST between 0.0062 and 0.031
mmol/l at pH 5.89, 1, 20, 2, 40, and 3, 6C.

Table 1
Determination of binding constanbf the CTAB-TIPST aggregate at pH
5.89 and 8.30 at 20, 40, and 80

pH of the Physicochemical

Temperatut€;

solution  characterization 20 40 60
5.89 TIPST:CTAB (V) 1) 111 1+
2:3(0.75)
K, x10° I/mol 5.13 1.90 0.757
£830MM 104 Imol~1em=1 1.95 1.88 2.02

8.30 TIPST:.CTAB (V) 2:3(0.67) 1:2(0.5) 1:3(0.33)
K, x10° |/mol 5.66 0.968  0.607

¢86140m 103 Imol~tem=1 8.13 6.52 8.12

Note. N, binding number maximum of TIPST on CTAB monomer;
K, binding constant of the TIPST-CTAB aggregate; afd’ "™ molar
absorptivity of the TIPST-CTAB aggregate at 630 nm.
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Fig. 8. Diagrammatic sketch for variation of the CTAB-TIPT aggregate
with temperature.

of TIPST will occur from its CTAB aggregate when the
temperature rises. The desorption process is sketched in
Fig. 8 At pH 5.89, the aggregate, 1CTAB:1TIPST formed
at 20 and 40C changes into the mixture of two aggregates:
1CTAB:1TIPST and 3CTAB:2TIPST at 6@. Similarly,

the aggregate 3CTAB:2TIPST formed atZDchanges into
2CTAB:1TIPST at 40C and 3CTAB:1TIPST at 60C at

pH 8.30. In addition, from E((6), er? of the aggregate was
calculated as given iffable 1 For characterization of the
aggregate, the spectral correction technique is more suitable
and simpler in operation than the classical methods above
because of the strong light-absorption of L.

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

Because anionic surfactants, e.g., SDS and SDBS, have
long carbon chains, they can bind CTAB to form firm mi-
celle complexes. Besides theselrostatic attraction force,
the hydrogen bond and many PAH will be formed between
CTAB and SDS or SDBS. Therefore, SDS and SDBS both
can replace TIPST in the CTAB-TIPST micelle complex.
We found that the replacemerdaction is very sensitive at
pH 5.89. This is very useful to investigate the interaction of
cationic surfactant with anionic surfactant and sensitive de-
tection of anionic detergent (AD). By varying the addition
of SDS or SDBS into the CTAB-TIPST complex solution,
A of each solutiony of TIPST, andy of CTAB to SDS or
SDBS were calculated by Eg&.), (8), and (9) The results
are shown irFig. 9. From the regression equations, the in-

other classical methods, the double phase description modeteraction of CTAB with SDS and SDBS obeys the Langmuir

[28] and continuous variation@9]. From Table 1, K al-
ways drops down with increased temperature ahde-
comes small at a higher temperature, suctivasf TIPST
to CTAB from 1 at 20°C to 0.75 at 60C in the pH 5.89
medium and from 0.67 at 2@ to 0.33 at 60C in the pH
8.30 medium andk from 5.13x 10° I/mol at 20°C to
0.757x 10° I/mol at 60°C in the pH 5.89 medium and
from 5.66x 10° I/mol at 20°C to 0.607x 10° I/mol at

isothermal adsorption in only one monolayer. The binding
ratios of both SDS and SDBS to CTAB are 1.5 and the dia-
grammatic sketch of the aggregates is giveRim 9. K of

the aggregates was calculated tokgs—ctag = 3.44x 10°

and Kspes—ctag = 2.23 x 10° I/mol at room temperature.
From the comparison of the slopes, SDBS has a stronger at-
traction force on CTAB than SDS. This is attributed to the
fact that SDBS has a benzene ring to connect that of CTAB

60°C in the pH 8.30 medium. Therefore, the desorption by strong hydrophobic bonding.
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Fig. 9. Plotsy 1 vs Cl__1 for the interaction of CTAB with SDS at pH
5.89: (1) the solutions containing 0.020 mpi@DS and the CTAB-TIPST
aggregate between 0.004428 and 0.0354 njhaoid (2) the solutions con-
taining 0.020 mmoll SDBS and the CTAB-TIPST aggregate between
0.004428 and 0.0354 mnydl
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Fig. 10. Standard curve for the determination of AD with TIPST at pH
5.89 at 484.8 nm, where the solutions contain 0.0177 i@IAB-TIPST
aggregate in the presence of D TA.

4.6. Application of the replacement reaction to AD
detection

The standard curve\ A¢ vs x (x is the SDS molar num-
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Table 2
Determination of AD in water samples

Sample To flask, added Found, AD (unipl
1. Lake water 10 ml of sample 0.02#30.001F (0.02(?)
RSD: 5.10%
0.200 umol of SDS and  0.04330.0006 (0.044)
10 ml of sample Rec. 110%

2. Huaihe river 10 ml of sample 0.02670.001% (0.0267)

RSD: 4.90%
0.200 pmol of SDSand ~ 0.04630.0004 (0.047)
10 ml of sample Rec. 97.8%
3. Local sewage 10 ml of sample 0.022®.0004 (0.027)
RSD: 1.40%
0.200 pmol of SDSand ~ 0.04760.0002 (0.046%)
10 ml of sample Rec. 98.4%

@ Six replicated determirians by the present method.
b Average of three replicatedeterminations by 1SO7875-19980].
RSD, relative standard detion; Rec., recovery of SDS.

Three practical water samples were determined. Sample 1
was sampled from a lake, sample 2 from the Huaihe River,
and sample 3 from a local sewage pipe. Six replicated de-
terminations of each were made and the results are given in
Table 2 the accuracy of which has been confirmed by a con-
ventional method30]. From Table 2 the recovery of the
standard SDS added is between 97.8 and 110% with RSD
less than 5.1%. Therefore, the present method is suitable for
monitoring of water quality with a good selectivity.

5. Conclusions

Using a dye as a spectral substitute provides a novel and
simple measurement approactctaracterize complexation
between surfactants. The cooperation of both the Langmuir
isothermal adsorption and the spectral correction (MSASC)
technique played an important role in the spectrometric
study, which meets precision and accuracy criteria and of-
fers the additional benefits of simplicity and versatility. We
are sure that both the replacement reaction and the MSASC
technique will be applied widely in the future.
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