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The ternary interaction of pontachrome violet SW (PCV) with cetyltrimethylammonium bromide (CTAB) and 

Cu(II) at pH 10.5 has been investigated by a microsurface adsorption—spectral correction (MSASC) technique. 
The aggregation of PCV on CTAB obeyed the Langmuir isothermal adsorption. Results showed that the binding 
constant of the CTAB-PCV aggregate was K = 2.68 ⋅ 105 liter ⋅ mol–1. The ternary monomer complex 
Cu ⋅ PCV ⋅ CTAB2 was formed. The complexation between Cu and PCV is sensitive in the presence of CTAB and 
selective in the presence of thioglycolic acid, trisodium citrate, and p-phenanthroline, and it was applied to the 
determination of Cu trace with satisfactory result. 

Keywords: microsurface adsorption—spectral correction technique, cetyltrimethylammonium bromide, pon-
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 Методом микроповерхностной абсорбции—спектральной коррекции изучено тройное взаимодейст-
вие понтахромового фиолетового SW (ПХФ) с бромидом цетилтриметиламмония (ЦТАБ) и Cu(II) при pH 
10.5. Агрегация ПХФ на ЦТАБ соответствует ленгмюровской изотермической адсорбции. Для 
образующегося агрегата ЦТАБ-ПХФ рассчитана постоянная связывания K = 2.68 ⋅ 105 л ⋅ моль–1. 
Обнаружен тройной мономерный комплекс Cu—ПХФ—ЦТАБ2. Образование комплекса Cu с ПХФ чувст-
вительно к присутствию ЦТАБ и селективно в присутствии тиогликолевой кислоты, тринатрий-
цитрата и п-пенантролина, что можно использовать для определения малых количеств Cu с удовлетво-
рительной точностью. 
 Ключевые слова: метод микроповерхностной адсорбции—спектральной коррекции, бромид цетил-
триметиламмония, понтахромовый фиолетовый SW, ленгмюровская агрегация, определение меди. 
 

Introduction. A surfactant is often used in the detection of a trace component because of its sensitization 
effect [1, 2]. A number of synergism mechanisms were proposed as follows: synergism perturbation [3], hydrogen 
bond formation [4], micelle catalysis [5], and asymmetric microenvironment [6]. Study of the surfactant is in pro-
gress [7—10]. Understanding its interaction with other organic compounds or ions is significant to select a suit-
able synergism agent in trace analysis and to synthesize a new type of efficient detergents. 

In a surfactant (S) solution, the aggregation of S molecules will form an electrostatic global micelle when S is 
present above the critical micellar concentration (CMC). So, an oppositely charged dye ligand (L) will bind on S 
by the electrostatic attraction and the other, by noncovalent action [11, 12]. In an S-L solution, the addition of a 
metal ion (M) will cause a sensitive complexation of M with L adsorbed on S because the concentration of L on S 
or its micelle is much higher than that in the aqueous phase. Therefore, the S micelle provides the M-L complexa-
tion with a catalytic field. Thus, S accelerates the M-L complexation. The aggregation of L on S occurs via Lang-
muir isothermal adsorption [13] only in a monolayer. Thus, it accords with 
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where K is the equilibrium constant, CL the concentration of the excess L, and γ the molar ratio of L adsorbed to S. 
Within increase in L concentration, γ will approach a maximum, called the binding ratio N. The plot of γ–1 vs. CL

–1 
is linear and from this N and K are calculated. Both CL and γ are calculated by means of [14]: 
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Both CS and 
0LC  are the concentrations of S and L added initially and η indicates the effective fraction of L, Ac, 

A0, and ∆A are the real absorbance of the S-L product, the measurement absorbance of the reagent blank against 
water, and that of the S-L solution against reagent blank directly measured at the peak wavelength λ2, respec-
tively, Ac is calculated by [15]: 
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where ∆A′ indicates the absorbance of the S-L solution measured at the valley absorption wavelength λ1, α and β 
are correction constants. In addition, the molar absorptivity (real 2r

λε , not apparent 2a
λε ) of the adsorption product 

SLN at λ2 is also directly calculated by the following equation: 
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where δ is the cell thickness (cm). 
The following equation was established for determining the stability constant (K) of a complex MLN: 

L
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.                (7) 

From plots γ–1 vs. CL
–N, we can calculate the formation constant (complexation ratio N and binding constant K) of 

the complex MLN  in the presence of the S micelle. 
In this work, the ternary interaction of cetyltrimethylammonium bromide (CTAB) with pontachrome violet 

SW (PCV) and Cu (II) at pH 10.5 has been studied. The structure of PCV is given below: 
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Pontachrome Violet SW  
It forms a trivalent anion in neutral medium, so it is adsorbed on CTAB. The effect of ionic strength and tem-

perature on the aggregation of PCV on CTAB was studied, and the ternary reaction among PCV, CTAB, and Cu (II) 
was characterized. Also, we attempted to apply the method to the quantitative detection of trace amounts of Cu in 
water samples. The limit of detection of Cu is only 0.025 mg/liter and both the accuracy and precision of this method 
were satisfactory. 

EXPERIMENTAL 
Apparatus and Reagents. Absorption spectra were recorded on a TU1901 spectrophotometer (PGeneral, 

Beijing) and independent absorbance was measured on a Model 722 spectrophotometer. A DDS-11A conductivity 
meter (Tianjin Second Analytical Instruments) was used to measure conductivity together with a DJS-1 conduc-
tivity immersion electrode (electrode constant 0.98) (Shanghai Tienkuang Devices) to produce deionized water of 
<0.5 µΩ–1 ⋅ cm–1. The pH of the solution was measured with a pHS-2C acidity meter (Leici Instruments, Shanghai, 
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China) and a Model 630D pH Pen (Shanghai Ren's Electronics). The temperature was adjusted and maintained con-
stant in a Model 116R electrically heated thermostatic bath (Changjiang Test Instruments of Tongjiang, China). 

The stock standard solution of CTAB (10 mmol/liter) was prepared by dissolving CTAB (Shanghai Chemical 
Reagents) in deionized water, and the CTAB working solution (1 mmol/liter) was prepared daily by diluting the 
stock solution. The PCV solution, 0.7 mmol/liter, was prepared by dissolving 0.2478 g of PCV in 50 ml of DMF 
and diluted it to 500 ml with deionized water. The CTAB-PCV adsorption aggregate solution was prepared by 
mixing 50 ml of PCV (0.7 mmol/liter), 50 ml of the CTAB solution (10 mmol/liter) and 16.7 ml of pH 10.5 buffer 
solution. In this solution, the micellar aggregate PCV5~6CTAB78 was formed. Standard stock Cu(II) solution, 100 
µg/ml (1.56 µmol Cu/ml), was prepared by dissolving 0.1 g of pure copper (content >99.95 %) in 10 ml of HNO3 
solution (1+1) and then diluting to 1000 ml with deionized water. Standard Cu(II) working solution (5 µg/ml) was 
prepared by diluting the above solutions. Ammonia buffer solutions between pH 7 and 11 were used to adjust the 
acidity of the CTAB-PCV-Cu solution. A masking reagent was prepared by dissolving 1 g of thioglycolic acid, 1 g 
of trisodium citrate, and 2 g of p-phenanthroline in 100 ml of deionized solution, and it was used to mask Ni(II), 
Cd(II), Pb(II), Fe(II), and Co(II) in the detection of Cu trace. Two mol/liter NaCl was used to adjust the ionic 
strength of solutions. 

General Procedures. Interaction of CTAB with PCV: Into a 10 ml calibrated flask were added 1 ml of 
1 mmol/liter CTAB, 1 ml of the buffer solution, and an appropriate volume of the PCV solution (0.7 mmol/liter). 
The mixture was diluted with deionized water to 10 ml and mixed thoroughly. After 5 min, the absorbances were 
measured at 540 and 635 nm respectively in a 1-cm cell against the reagent blank treated in the same way without 
CTAB, and then we calculated Ac of the binary adsorption aggregate. Determination of Copper: 5 ml of a water 
sample was added initially and 1 ml of the masking reagent was added before the addition of PCV solution. The 
other operations are the same as above. After 10 min, absorbances were measured at 510 and 600 nm respectively 
in a 2-cm cell against the reagent blank treated in the same way without Cu, and then Ac of the ternary complex is 
calculated. 

RESULTS AND DISCUSSION 

Analysis of Absorption Spectra. The absorption spectra of the PCV, CTAB-PCV, and CTAB-PCV-Cu so-
lutions at pH 10.5 are shown in Fig. 1. From curve 1, the peak absorption of the PCV solution is located at 540 nm. 
From graph 2, we observe that the absorbance ratio of the solutions at 540 and 635 nm approaches a minimum 
when the concentration of CTAB is more than 7 times that of PCV. Such solutions contain no free PCV. Curve 3 
gives the absorption spectrum of the CTAB-PCV aggregate showing the peak at 590 nm. So the spectral red shift 
of the CTAB-PCV aggregate is 50 nm. From the relative spectrum 4, the peak and valley of the CTAB-PCV solu-
tion against PCV are located at 635 and 540 nm. Therefore, the two wavelengths were used to study the adsorp-
tion interaction. From curves 1 and 3, the correction coefficients were calculated to be β = 0.125 and α = 1.13. 
Therefore, the real absorbance of the CTAB-PCV aggregate is calculated by Ac = 1.165(∆A – 0.125∆A′). In curve 
5, the peak of the CTAB-PCV-Cu product in solutions not containing free PCV and free CTAB-PCV aggregate is 
located at 510 nm. So the spectral blue shift of the CTAB-PCV-Cu product is 85 nm. However, from the relative 
spectrum 6, the peak and valley of the CTAB-PCV-Cu solution against the CTAB-PCV aggregate are located at 
510 and 600 nm. Therefore, the two wavelengths were used to study the complexation. From curves 3 and 5, the 

correction coefficients were calculated to be β = 
= 0.471 and α = 0.112. Therefore, the real ab-
sorbance of the CTAB-PCV-Cu product is calcu-
lated by Ac = 1.056(∆A – 0.471∆A′). 

 
 

 
Fig. 1. Absorption spectra of PCV, PCV-CTAB, and 
Cu-PCV-CTAB solutions at pH 10.5: 1) PCV (0.7 
µmol) solution; 2) variation of the absorbance ratio of 
solution measured at 540 and 635 nm with the initial 
molar ratio of CTAB to PCV; 3) PCV (0.7 µmol)-
CTAB (20 µmol) solution without free PCV;  
4) PCV (0.7 µmol)-CTAB (1 µmol) solution;  
5) PCV (0.3 µmol)-CTAB (4.27 µmol)-Cu (200 µg) 
solution without free PCV and free CTAB-PCV aggre-
gate; 6) PCV (0.3 µmol)-CTAB (4.27 µmol)-Cu (5 µg) 
solution. Curves 4 and 6 are against the blank and the 
others are against water –0.60 

–0.40 

–0.20 

0

0.20

0.40

0.60

0.80

1.00

1.20

1.40

500 700 Wavelength, nm 

Abs. 

1 

3 

4 

5 

6

2 

4 

6 

8 

0 10 20 30 
CTAB/PCV, µmol/µmol 

A540nm/A635nm

2 



COMPLEXATION ON MICELLES AND ITS APPLICATION 
 

163

Effect of pH, Ionic Strength, and Temperature on Aggregation. By varying the pH of the solutions, the 
absorption of the CTAB-PCV solutions was measured and the absorbances are shown in Fig 2. From curve 1, Ac 
approaches a maximum when the pH is above 9. This is attributed to PCV– anion formation in basic solution, 
which may be attracted easily and closely to CTAB. A pH 10.5 buffer solution was used. 

In order to investigate the effect of ionic strength on the aggregation of PCV on CTAB a NaCl solution was 
added and its effect is shown in Fig. 3. From curve 1, up to an ionic strength of 1 M, Ac of the PCV-CTAB aggre-
gate decreases slightly with increase in ionic strength. This is attributed to the fact that the positively charged 
CTAB is attracting much more Cl–. 
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Fig. 2. Effect of pH on Ac of the aggregate in the solution initially containing 0.7 µmol of PCV and 1.0 µmol of CTAB 
 

Fig. 3. Effect of ionic strength on Ac of the aggregate in the solution initially containing 0.7 µmol of PCV and 1.0 µmol of CTAB 
 

Fig. 4. Effect of temperature on Ac of the aggregate in the solution initially containing 0.7 µmol of PCV and 1.0 µmol of CTAB 
 

The effect of temperature on Ac of the PCV-CTAB aggregate is shown in Fig 4. From curve 1, Ac of the 
PCV-CTAB aggregate decreases with increase in temperature, especially above 40 °C. However, Ac of the PCV-
CTAB aggregate may return to the initial point when the temperature decreases. So the adsorption of PCV on 
CTAB is reversible. 

Characterizaiton of the aggregation. Into a solution containing 0.1 mmol/liter CTAB, the PCV solution was 
added to examine the adsorption of PCV on CTAB. CL and γ of each solution was calculated, and plots γ–1 vs. CL

–1 
are shown in Fig 5. The points around curve 1 are linear. So the adsorption of PCV on CTAB obeys Langmuir 
isothermal adsorption. The linear equation is regressed as γ–1 = 2.09 + 7.46CL

–1 (CL — µM). From the line inter-
cept, the binding ratio of PCV to CTAB is calculated to be 0.5. Therefore, the monomer aggregate is expressed as 
PCV ⋅ CTAB2 and the maximal micellar aggregate as (PCV ⋅ CTAB2)40 only when both CTAB is above its CMC 
(0.96 mM) and the concentration of PCV is enough. From the slope, the binding constant K of the aggregate was 
calculated to be 2.68 ⋅ 105 liter ⋅ mol–1 (at 25 °C). In addition, 2r

λε  of the aggregate (PCV ⋅ CTAB2)40 was obtained 
to be 3.65 ⋅ 105 liter ⋅ mol–1 ⋅ cm–1 at 635 nm. Similarly, the plot γ–1 vs. CL

–1 of the Cu-PCV-CTAB solutions is 
shown  in  Fig 5.   Curve  2  is  linear.   The  linear  equation  is  regressed  as  γ–1 = 0.937 + 0.885CL

–1  (CL — µM).  
 

 

0.2 

0.4 

0.6 

0.8 

1.0 

 1.2 

0 0.5 1.0 1.5 2.0 2.5 3.0
CTAB-PCV aggregate solution, ml 

Ac, η, γ 

3 

2 

1 

   

y = 7.46x + 2.09 

R = 0.9887

y = 0.885x + 0.937 
R = 0.998 

 1 

 2 

 3 

 4 

 5 

 6 

0 0.3 0.6 0.9 1.2 CL
–1, L/µmol

γ–1 

1 

2 

 
 

Fig. 5. Effect of addition of the CTAB-PCV- aggregate on Ac (1) of the aggregate, η (2) of PCV, and γ (3)  
of  PCV to Cu in the solution initially containing 5 µg of Cu(II) at pH 10.5 

 
Fig. 6. Plots γ–1 vs. CL

–1: 1) CTAB-PCV interaction and 2) Cu-PCV complexation 
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From the intercept, the complexation ratio of PCV to CTAB is 1 and it gives the same result as above. From the 
slope, the stability constant of the complex was calculated to be K = 1.13 ⋅ 106 (at 25 °C). In addition, we calcu-
lated the real molar absorptivity of the complex to be εr

 = 2.25 ⋅ 104 liter ⋅ mol–1 ⋅ cm–1 at 510 nm (εa is only 
1.15 ⋅ 104 liter ⋅ mol–1 ⋅ cm–1). By varying the addition of the micellar aggregate PCV5~6CTAB78 solution, the Cu-
PCV-CTAB solutions were measured. The Ac of the PCV-CTAB-Cu complex and η of PCV and γ of PCV to Cu 
were calculated. The plots are shown in Fig 6. From curves 1 and 3, Ac remains constant and γ approaches a maxi-
mum at 1 when the addition of the PCV-CTAB aggregate is over 0.5 ml. Therefore, the ternary complex 
Cu ⋅ PCV ⋅ CTAB2 is formed and the micellar aggregate (Cu ⋅ PCV)5~6CTAB80 may be formed only when the 
concentration of CTAB is more than CMC. So 1 ml of the PCV-CTAB aggregate solution was added for the de-
termination of copper. From curve 2, only 29 % of the PCV-CTAB aggregate was complexed upon the addition of 
the PCV-CTAB aggregate solution, and 71 % is still free in solution. Obviously, such an excess of CTAB-PCV 
aggregate will affect the absorbance measurement of the ternary complex. Therefore the spectral correction tech-
nique was applied instead of classical spectrophotometry. 

Calibration Graph and Precision for Determination of Cu Traces. The addition of the recommended 
masking reagent is useful to mask Co(II) and Pb(II) but will also decrease the sensitivity. According to the rec-
ommended procedures, standard series of Cu solutions were prepared and measured at pH 10.5 with the PCV-
CTAB aggregate as reactant and in the presence of the masking reagent. The standard curves are shown in Fig 7. 

Curves 3 and 2 are more linear with greater slope than curve 
1. So the correction technique has higher sensitivity than ordi-
nary spectrophotometry. Six replicated determinations of 5 µg 
of Cu(II) gave the relative standard deviation RSD 2.3 % but 
RSD 6.9 % for ordinary spectrophotometry. So the correction 
technique has higher precision than ordinary spectrophotome-
try. The detection limit of Cu for Ac = 0.010 was calculated to 
be only 0.25 µg in 10 ml of solution. 

 
 

 
Fig. 7. Standard curves for the determination of Cu at pH 10.5:  
1) absorbance measured at 510 nm against the blank; 2) same as 1 
but at 600 nm and 3) Ac 

 
Effect of Foreign Ions. By adding the recommended masking reagent, none of the following ions affected 

the direct determination of 5 µg of Cu(II) (error less than 10 %): 0.5 mg of alkaline metal ions, 0.2 mg of alkaline 
earths and anions, e.g., F–, PO4

3–; 0.1 mg of Mn(II), Zn(II), Cd(II), Al(III) and 0.05 mg of Pb(II), Ni(II), Fe(II) and 
2.0 µg of Co(II), Hg(II). 

Determination of Cu in Water Samples. Three samples were tested. Sample 1 was sampled from the 
Huaihe River, sample 2 from a local sewage pipe, and sample 3 from wastewater. The results are given in Table 1. 
We see that the recovery of Cu added is between 95 and 105 % and the RSD is less than 4.5 %. The determination 
of Cu in water samples was carried out and evaluated by AAS and its result is given in Table 1, too. We observe 
that the two methods give the same results. 

 
T a b l e  1. Determination of Copper in Samples with PCV at pH 10.5 in the Presence of a Masking Reagent 

 
Sample No. Added Cu, µg Found, µg 

 
1 

0 
 

0.1 
 

0.088 ± 0.004 (0.082*) 
RSD 4.5 % 

0.189 ± 0.006 
Rec. 101 % 

 
2 

0 
 

0.2 
 

0.232 ± 0.008 (0.221*) 
RSD 3.4 % 

0.422 ± 0.012 
Rec. 95.0 % 

 
3 

0 
 

0.5 
 

0.716 ± 0.018 (0.709*) 
RSD 2.5 % 

1.241 ± 0.021 
Rec. 105 % 

* One determination by AAS. 
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Conclusions. The combination of Langmuir isothermal adsorption and spectral correction techniques pro-
vides a very helpful experimental strategy to study a ternary complex in the presence of a surfactants. It describes 
clearly the synergism mechanism of surfactants. The enrichment of charged ligand on micelle accelerated its dis-
solution in aqueous medium and its coordination with metal ion. 
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