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Abstract Murexide (MX), the ammonium salt of purpuric acid, was found to 

significantly fade in the presence of sodium dodecyl sulfate (SDS) within 2 hours. 

Herein, the fading reaction kinetics data between MX and SDS at concentrations 

below and above the critical micellar concentration were studied using a UV-Visible 

spectrophotometer equipped with a temperature control system. By establishing a 

kinetic model and analysing the data, the influences of micelle and temperature on 

reaction orders and rate constants were determined. These results indicate that micelle 

formation can influence the reaction mechanism, lead to a decrease in reaction rate 

constants (k) and a shift in the partial order (β) from positive to negative. These results 

demonstrate that the formation of micelles have a substantial impact on the rate of the 

MX fading reaction, providing a new approach for studying the role of micelles in dye 

fading mechanisms. 
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Introduction 

The interaction between dyes and surfactants plays a crucial role in various 

technical fields[1-3], including dyeing technology[4] , the photography industry [5], ion 

detection [6], and pharmaceutical applications [7], and has attracted widespread global 

attention [8-15]. It is well-known that surfactants at low concentrations reduce surface 

tension and exhibit a range of interfacial phenomena, typically existing in dispersed 

ionic or monomolecular states. Upon reaching a certain concentration, surfactants 

undergo self-assembly into molecular aggregates—such as micelles, microemulsions, 

vesicles, or liquid crystals—which can influence chemical reactions through local 

concentration effects, electrostatic interactions, polarity shifts, orientation, and 

microviscosity [16]. The interactions between surfactants and dyes in solution may 

occur at the single-molecule (or ion) level or involve dye molecules with organized 

surfactant structures such as micelles, reverse micelles, vesicles, lipid bilayers, or 

multilayer films [17]. These interactions often lead to significant changes in dye 

solubility, absorption spectra, and dyeing behavior. Regardless of the interaction form, 

the binding or separation of dye and surfactant molecules is primarily governed by 

electrostatic forces [18], hydrogen bonding [19], van der Waals forces [20], hydrophobic 

interactions [21], and entropy-driven effects [22].  The strength and nature of these 

interactions depend on the specific ionic groups, polar functionalities, and 

hydrophobic segments of the surfactant and dye molecules, rendering the interaction 

mechanisms highly diverse and complex. 

In the textile industry, dyes can become significant pollutants due to their high 

solubility in water, making their removal from wastewater a major challenge. 

Investigating the fading behavior of dyes in the presence of surfactants is therefore 

valuable for developing new and effective decontamination strategies[23]. Hence, 

gaining a comprehensive understanding of the dynamic interactions between dyes and 

micelles is essential. Samiey et al. studied the kinetics of the alkaline fading reaction 

of brilliant green in the presence of various surfactants, including Triton X-100, 

dodecyltrimethylammonium bromide (DTAB), and sodium dodecyl sulfate. They 

reported that the electrical charge of the brilliant green–surfactant complex 

significantly influenced the fading reaction rate[24]. Similarly, Somnath et al. 

investigated the alkaline hydrolysis rate of malachite green in the presence of 

cetyltrimethylammonium bromide (CTAB), finding that the reaction proceeded more 

rapidly in CTAB reverse micelles compared to continuous aqueous media or 



conventional micelles—offering a more cost-effective method for malachite green 

removal from wastewater [25]. Sidra et al. demonstrated a reversal phenomenon in 

dye–surfactant systems, where the addition of an oppositely charged surfactant altered 

the electrostatic interactions and led to the dissociation of dye–surfactant aggregates 
[26]. Sharmin Akhter Maya et al. [27] explored the interaction between the anionic dye 

ethyl orange and cationic surfactants CnTAC. Meanwhile, Manish Kumar Sah et al. [28] 

investigated the interaction between indigo carmine and N-alkyltrimethylammonium 

chloride. Furthermore, articles by Sharmin Akhter Maya et al. [29] have expanded the 

scope of research to include interactions between surfactants, drug molecules, and 

diol additives, revealing the potential applications of these interactions in enhancing 

dye performance, improving the sensitivity of analytical methods, and environmental 

monitoring [30,31]. In addition, various factors—such as the solvent used [32], salts 

concentration [33], temperature [34], pH [35], alcohol content [36,37], and other 

environmental conditions [38-43], can also significantly influence the interaction 

mechanisms between dyes and surfactants.  

In several studies, surfactants have been regarded as reactants when examining 

their interactions with dyes [44,45]. However, other literature considers surfactants as 

catalysts; for instance, numerous studies have shown that surfactant micelles can exert 

a catalytic effect on the reaction [46]. In this study, the fading reaction of murexide 

(MX, a purple dye, Scheme 1) in aqueous solution was investigated in the presence of 

sodium dodecyl sulfate (SDS, Scheme 1). Assuming a 1:1 molar association between 

MX and SDS during the reaction, a kinetic model was established to describe the 

fading process. Based on this model, the rate constants and reaction order were 

determined. Furthermore, the influence of micelle formation on the reaction rate and 

the order of the association interaction was systematically analyzed. This work 

provides valuable insight into the kinetic behavior of dye–surfactant interactions, 

offering a foundation for the design of more efficient dye removal strategies in 

wastewater treatment and advancing the understanding of micelle-assisted reaction 

mechanisms. 
 



 

Scheme 1 The molecular structure of murexide (MX), a purple dye. 

 

Materials and methods 

Materials  

The dye MX (analytical grade, ≥99% purity) and surfactant SDS (analytical 

grade, ≥99% purity）were purchased from Shanghai Zhongqin Chemical Reagent Co., 

Ltd.  
 

Methods 

All absorption spectra were recorded using a UV-5200(PC) spectrophotometer 

with quartz cuvettes of 1 cm path length (Shanghai Yuanxi Instruments Co., Ltd.). A 

100:1 molar ratio of SDS (5×10−2 mol dm−3) to MX (5×10−4 mol dm−3) was employed 

to ensure complete interaction. As shown in Figure 1, the addition of SDS to the 

aqueous MX solution resulted in a marked decrease in the intensity of MX’s 

characteristic absorption band at 523 nm (from the black line to the red line). This 

change indicates the presence of an association interaction between MX and SDS. 

The significant alteration in maximum absorbance suggests that SDS strongly 

influences the electronic environment of the dye.  
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Figure 1. Absorption spectra: (1) MX in aqueous solution; (2) MX and SDS in aqueous solution; (3) 

SDS in aqueous solution, [SDS]= 5×10−2 mol dm−3, [MX] = 5×10−4 mol dm−3. 

 

To further investigate the optimal molar ratio for dye fading between MX and 

SDS, two sets of experiments were then conducted by keeping the MX concentration 

constant at 5×10−4 mol dm−3 while varying the SDS concentration within the ranges 

of 1 ∼ 5 ×10−3 mol dm−3 and 5 ∼ 7 ×10−2 mol dm−3, respectively. Much larger amount 

of substance SDS can remain the SDS concentration constant throughout the reaction, 

ensured pseudo-first-order reaction conditions, simplifying kinetic analysis. The 5 

×10−2 mol dm−3 SDS concentration (∼5 times of CMC) guaranteed the formation of 

micelle, enabling clear observation of micellar effects on reaction kinetics. All 

absorbance measurements were recorded within the range of 0.1 ∼ 1 to minimize 

system errors. The concentration of MX during its fading reaction with SDS was 

determined by monitoring the solution’s absorbance. A kinetic model was established 

to describe the influence of SDS on the reaction order and rate constant. Given that 

the critical micelle concentration (CMC) of SDS is reported to be 9.9 ∼ 10.9×10−3 mol 

dm−3 in the literature [47-49],  the fading reaction was then investigated at SDS 

concentrations both below and above the CMC. 

 

Association reaction kinetics model 

Assuming an association between MX and SDS, the equilibrium can be 

expressed by the following equation: 

MX SDS P+ →  
The rate equation for the fading reaction between MX and SDS can be written as 

MX
MX SDS

dcr kc c
dt

α β= − =                                                      (1) 

where t is the reaction time; r is the rate of fading reaction; cMX and cSDS are the 

concentrations of MX and SDS, respectively; k is reaction rate constants; α and β is 

the partial order of association reaction. 

Assuming that the SDS concentration is much greater than that of MX (cSDS >> 

cMX), the concentration of SDS remains effectively constant throughout the reaction. 

Therefore, the rate equation simplifies to:  

SDS
βk kc′ =                                                              (2) 

app:ds:aqueous


where k' is the apparent reaction rate constant.  

Substituting Eq. (2) into Eq. (1) gives: 

MX
MX

dcr k c
dt

α′= − ≈                                                     (3)  

Integration of Eq. (3) yields: 
1

MX
1

( 1) '
t c C

k
α

α
− +−

= +
− +

                                                (4) 

where C is the integration constant.  

The actual absorbance A measured at 523 nm can then be expressed as: 

( )0
C MX MX P P P SDS SDSA c c c cε ε ε= − + +                                    (5) 

Where MXε , Pε , and SDSε  are the molar absorptivities of MX, the reaction 

product, and SDS, respectively. 

As shown in Figure 1, εSDS ≈  εP ≈ 0, indicating their absorbances can be 

neglected. Therefore, Eq. (5) simplifies to: 

( )0
C MX MX PA c cε= −                                                   (6) 

The concentration of MX can then be expressed as: 
0

MX MX Pc c c= −                                                       (7) 

By replacing eq. (7) into eq. (6), yield the following equation: 

C
MX

MX

Ac
ε

=                                                            (8) 

Experimentally, after measuring AC, the value of cMX was calculated by eq. (8), 

and the reaction order α and apparent reaction rate constant k' at different temperature 

of this association process were fitted out by nonlinear fitting 

( 11
( 1) '

y x Constant
k

α

α
− +−

= +
− +

) of eq. (4). Then k at different temperature and β can later 

be obtained by nonlinear fitting from eq. (2).  

Finally, according to the integral form of Arrhenius equation： 

A
RT
Ek a lnln +−=                                                  (9) 

We can obtain the pre-exponential factor A and activation energy Ea. 

 

Results and discussion 

To eliminate experimental error caused by temperature variations, the molar 

absorption coefficient of MX at different temperatures was measured. As shown in 



Figure 2, a series of aqueous MX solutions with concentrations ranging from 1 to 

5 ×10−4 mol dm−3 was prepared, and their absorbance was recorded at various 

temperatures. Using the Lambert–Beer law and the data from Figure 2, the molar 

absorption coefficients at each temperature were calculated and are presented in Table 

1. The results indicate that the molar absorption coefficient of MX decreases with 

increasing temperature. This trend can be attributed to the enhanced thermal motion of 

molecules at higher temperatures, which disrupts the electronic transition efficiency, 

leading to a reduction in the molar absorption coefficient. 
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Figure 2. The absorbance of MX at 523 nm in aqueous solutions with varying concentrations and 

temperatures. 

Table 1. Molar Absorption Coefficient of MX at Different Temperatures 

T（K） 298.15 308.15 318.15 328.15 338.15 

MXε
（L·mol⁻¹·cm⁻¹） 

2154.7±16.2 2117.5±17.4 2076.7±16.3 2040.3±17.7 2002.9±18.9 

 

Below the CMC 

The time–concentration profiles of MX at various SDS concentrations below the 

CMC and under different temperatures are shown in Figure 3. In all cases, the initial 

concentration of MX was fixed at 5×10−4 mol dm−3. 



 
 
Figure 3. Time-dependent concentration profiles of MX after the addition of various SDS 

concentrations below the critical micelle concentration (CMC), measured at different temperatures. (A) 

298.15 K; (B) 308.15 K; (C) 318.15 K; (D) 328.15 K; (E) 338.15 K. Dashed lines represent the 

experimental data, while solid lines indicate the corresponding fitting results. 

As shown in Figure 3(A–E), higher temperatures resulted in a more rapid 

decrease in MX concentration over the same reaction time. The apparent reaction rate 

constants (k') were estimated by nonlinear regression within the temperature range of 

298.15 ∼ 338.15 K. This method provided reliable fitting results in most cases, with 

the exception of the first dataset, which failed to converge. The goodness of fit (R²) 
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values from linear fitting using Equation (4) are listed in Table 2, all exceeding 0.99, 

confirming the reliability and accuracy of the kinetic parameters obtained. 

Table 2 Goodness of Fit (R²) from Linear Fitting Based on Equ (4) 
T(K) R2 

298.15 ---- 0.9947 0.9966 0.9957 0.9950 
308.15 0.9932 0.9998 0.9987 0.9990 0.9994 
318.15 0.9976 0.9997 0.9998 0.9999 0.9999 
328.15 0.9991 0.9999 0.9999 0.9999 0.9997 
338.15 0.9997 0.9966 0.9972 0.9951 0.9969 

 

The fitting results of kinetic parameters k' and α are summarized in Table 3.  By 

fitting the data at different temperatures, yielded similar reaction order α,  then we 

obtained the average value of α, which is  0.98 ± 0.03.  

Table 3. Kinetic Parameters of the Reaction Below the CMC at Different Temperatures 
T(k) k1'(s⁻¹) k 2'(s⁻¹) k3'(s⁻¹) k4'(s⁻¹) k5'(s⁻¹) k(mM-1 s⁻¹) α β 
298.15 ----------- 2.28×10-7 2.53×10-7 2.80×10-7 3.16×10-7 3.70×10-6 

0.98 0.46 
308.15 2.16×10-7 5.87×10-7 6.18×10-7 7.45×10-7 9.26×10-7 9.61×10-6 
318.15 7.29×10-7 1.99×10-6 2.32×10-6 2.43×10-6 2.54×10-6 5.00×10-5 
328.15 3.49×10-6 5.81×10-6 6.77×10-6 6.93×10-6 6.64×10-6 8.85×10-5 
338.15 7.14×10-6 1.16×10-5 1.32×10-5 1.31×10-5 1.38×10-5 1.76×10-4 

 

The β value to SDS and the rate constant k were obtained using Equations (2). As 

shown in Table 3 column 7 and 9. It can be found that k' increases with increasing 

SDS concentration at a given temperature, while k increases with rising temperature. 

Since α = 0.98 is approximately equal to 1, Equation (4) is no longer applicable 

when assuming a first-order reaction. Therefore, a linear fitting approach was 

employed using the first-order rate law, which can be expressed as: 

M,0

M

1 ln
'

c
t

k c
=                                                                (10) 

or 

M,0

M

ln '
c

k t
c

=                                                                 (11) 

The fitting results are shown in Figure 4, where the data points clearly follow a 

linear trend, indicating good agreement with the first-order kinetic model.  



 
Figure 4. Plot of ,0ln M

M

c
c

 against t. (A)298.15K; (B)308.15 K; (C)318.15 K; (D)328.15 K; (E) 338.15K. 

Dashed lines represent the experimental data, while solid lines indicate the corresponding fitted results. 

 

According to eq. (9), the integral form of Arrhenius equation, we obtained the 

pre-exponential factor A and activation energy Ea. As illustrated in Figure 5, the plot 

of lnk versus 1/T yields a straight line. From the linear regression based on the 

Arrhenius equation, the apparent activation energy Eₐ and pre-exponential factor A 

were determined to be Ea1 = 82.30 ± 2.02 kJ·mol-1 and A1 = (9.70 ± 0.36) × 108 

dm3·mol-1·s-1, respectively. 
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Figure 5. The plot of ln k vs  below the CMC 

Above the CMC 

Similarly, the time-dependent concentration profiles of MX at various surfactant 

concentrations above the CMC of SDS under different temperatures are shown in 

Figure 6(A–E). After processing the kinetic data using the same method as before, a 

reaction order of α= 0.98 ± 0.06 with an R² of 0.99 was obtained, which is consistent 

with previous findings. All corresponding results are summarized in Table 4. Notably, 

the values of the rate constant k' decrease with increasing surfactant concentration at a 

given temperature, and the β values are negative, indicating an inhibitory effect of 

higher surfactant concentration on the reaction rate. 

RT
1

−



 

Figure 6. Time–concentration profiles of MX after the addition of various SDS concentrations above 

the critical micelle concentration (CMC) at different temperatures: (A) 298.15 K; (B) 308.15 K; (C) 

318.15 K; (D) 328.15 K; (E) 338.15 K. Dashed lines represent experimental data, while solid lines 

indicate the corresponding fitting results. 

Table 4. Kinetic Parameters of the Reaction Above the CMC at Different Temperatures. 

T（K） k1'(s⁻¹) k2'(s⁻¹) k3'(s⁻¹) k4'(s⁻¹) k5'(s⁻¹) K（dm³·mol⁻¹·s⁻¹） α β 
298.15 3.00×10-7 2.93×10-7 2.90×10-7 2.85×10-7 2.73×10-7 8.77×10-8 

0.98 -0.42 
308.15 9.30×10-7 9.38×10-7 9.32×10-6 8.66×10-7 8.59×10-7 2.75×10-7 
318.15 2.38×10-6 2.37×10-6 2.35×10-6 2.21×10-6 2.26×10-6 7.03×10-7 
328.15 5.61×10-6 5.20×10-6 4.90×10-6 4.72×10-6 4.62×10-6 1.53×10-6 
338.15 9.61×10-6 8.80×10-6 8.76×10-6 7.85×10-6 7.23×10-6 2.58×10-6 
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As shown in Figure 7, the apparent activation energy (Ea2) and pre-exponential 

factor (A2) for the reaction above the CMC were determined to be 

74.37 ± 3.68 kJ·mol-1 and (1.02 ± 0.10) × 106 dm3·mol-1·s-1, respectively. By 

comparing these values with those obtained below the CMC, the ratios Ea1/ Ea2 and 

A1/ A2 were calculated to be 1.11 and 950.98, respectively. These results indicate that 

while the apparent activation energies before and after micelle formation are relatively 

similar, the pre-exponential factor below the CMC (A1) is over 900 times greater than 

that above the CMC (A2), suggesting a significant difference in the frequency or 

likelihood of successful collisions in the two environments. 
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Figure 7. The plot of ln k vs
RT
1

−  above the CMC. 

By comparing Tables 3 and 4, it can be observed that the values of α remain 

unchanged. However, the formation of micelles results in a noticeable decrease in the 

reaction rate constants k', while the value of β shifts from a positive value of 0.46 to a 

negative value of -0.42. Since β represents the reaction order with respect to SDS, this 

change indicates that micelle formation significantly influences the reaction dynamics. 

According to collision theory, increasing the concentration of surfactant should 

enhance the collision frequency between dye molecules and surfactant molecules, 

thereby promoting the reaction. However, once micelles are formed, many dye 

molecules become encapsulated within micelles. This encapsulation restricts the free 

diffusion of the dye molecules, limiting their availability for effective collisions. 

Additionally, the outward-facing polar heads of SDS micelles hinder interactions 



between dye molecules and the reactive sites, as the encapsulated dye can only collide 

with the non-polar tails of the SDS molecules—collisions that are generally 

ineffective in driving the reaction. Consequently, the presence of micelles leads to a 

reduction in the effective reaction rate and a reversal in the sign of β. 

These findings suggest that the mechanism of the MX fading reaction differs 

notably before and after micelle formation, with micelles exerting a pronounced effect 

on the association and interaction mechanisms within the system. 

Conclusions 
Based on the association reaction kinetics model, the fading reaction between 

MX and the anionic surfactant SDS was investigated at surfactant concentrations both 

below and above the CMC. Integral kinetic curves and corresponding kinetic 

constants were obtained at different temperatures. Unlike previous studies that 

focused solely on single concentration regimes, we revealed distinct reaction 

mechanisms of MX fading reaction at SDS concentrations below and above the CMC:  

the formation of micelle caused the partial reaction order of SDS β shift from 0.46 to -

0.42, while the rate constant k decreased from 3.70×10⁻³ mM⁻¹·s⁻¹ to 8.77×10⁻⁵ 

mM⁻¹·s⁻¹ at 298.15 K. Notably, the reaction order with respect to SDS (β) changed 

from positive to negative as the concentration crossed the CMC, and both the rate 

constant (k) and pre-exponential factor (A) decreased. These results indicate that 

micelle formation has a significant impact on the reaction rate, offering new insights 

into the role of micelles in the dye fading mechanism and suggesting a potential 

approach for further exploration of micelle-assisted reaction processes. 
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