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ABSTRACT 
Discharging dye-containing wastewater can 
severely degrade water quality. Adsorption is 
widely studied because it is selective, effective, 
and relatively low-cost. This work examines the 
adsorption of a cationic dye, crystal violet (CV), 
and an anionic dye, congo red (CR), on 
montmorillonite clay (MMT) using molecular 
dynamics simulations in GROMACS. Molecular 
topologies were built with a combined ClayFF 
and CHARMM36 force field. Simulations used a 
6 nm × 6 nm × 6 nm box filled with SPC/E water (spce.gro). After minimization and NVT and NPT 
equilibration, production runs were conducted for 50 ns (25,000,000 steps) with a time step of 2 fs at 300 
K and 1 bar. Single-dye and mixed-dye systems were compared to clarify adsorption mechanisms. In the 
single CV system, the best performance was observed at 20 CV molecules, resulting in 40% adsorption. 
Radial distribution analysis indicates that adsorption is dominated by van der Waals interactions between 
the negatively charged MMT surface and the quaternary ammonium site of the CV (-N+). In contrast, CR 
was not adsorbed in the single CR system because electrostatic repulsion prevents approach to the 
negatively charged clay. In mixed CV–CR systems, adsorption of both dyes increased, revealing 
synergistic behavior. CV enters the MMT interlayer and forms an organic phase, which then immobilizes 
CR through hydrophobic interactions, allowing CR adsorption despite its unfavorable electrostatic 
interactions under realistic wastewater conditions. 
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INTRODUCTION 

One of Indonesia’s manufacturing 

sectors that has been strengthened to enter 

the Industry 4.0 era is the textile industry [1], 

[2]. However, the growth of the textile and 

apparel industry has not been accompanied 

by adequate wastewater management [3], 

[4]. According to the World Bank, 17–20% of 

industrial water pollution originates from 

textile effluents [5]. This is largely due to the 

extensive use of dyes in the industry, with 

more than 10,000 dye types in commercial 

use and over 7 × 10^5 tons of synthetic dyes 

produced annually [6]. The presence of dyes 

in wastewater can cause severe water 

pollution because many dyes are toxic and 

potentially carcinogenic. In addition, dyes 

often exhibit high resistance to light 

exposure, pH variation, and microbial 

degradation, which makes them persistent in 

the environment. For example, the half-life of 

the hydrolyzed dye Reactive Blue 19 is 
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approximately 46 years at pH 7 and 25 °C [7], 

[8]. Therefore, discharging dye-containing 

wastewater without prior treatment can 

degrade water quality and pose a threat to 

both aquatic ecosystems and human health 

[9]. 

The adverse impacts of textile 

wastewater on water quality have 

encouraged extensive research on treatment 

methods to ensure that effluents can be 

discharged without causing environmental 

harm. In recent years, various techniques 

have been proposed for treating dye-

containing wastewater, including 

biodegradation [10], electrocoagulation [11], 

membrane filtration [12], ion exchange resins 

[13], coagulation flocculation [14], 

photocatalysis [15], and adsorption [16], [17]. 

However, each method has limitations. Toxic 

dyes can inhibit biodegradation, while 

coagulation-based methods often generate 

large volumes of sludge. Other concerns 

include a short operational lifetime, high 

costs, the need for specialized equipment, 

high energy consumption, slow kinetics, and 

the potential formation of harmful byproducts 

[16]. Among these options, adsorption is 

widely regarded as a promising approach 

because of its selectivity, relatively low 

operating cost, simplicity, high removal 

efficiency, and the possibility of adsorbent 

regeneration and reuse [18]. These 

advantages make adsorption particularly 

suitable for the textile industry, which requires 

wastewater treatment methods that are both 

effective and economically feasible. 

In recent years, numerous 

adsorbents have been investigated for dye 

removal, with clay-based materials being 

among the most widely studied. Clay is 

abundant, nontoxic, and inexpensive, and it 

can exhibit considerable adsorption capacity. 

One clay mineral that has attracted significant 

attention in wastewater treatment is 

montmorillonite [19]. Montmorillonite (MMT) 

carries a permanent negative charge 

resulting from isomorphic substitution, 

specifically Al3+ replacing Si4+ in the 

tetrahedral layer and Mg2+ replacing Al3+ in 

the octahedral layer. This negative charge is 

balanced by exchangeable interlayer cations 

(for example, Na+ and Ca2+), which enables 

MMT to adsorb cationic contaminants 

effectively through ion exchange [20]. 

Adsorption has been widely explored 

for treating water contaminated with dyes 

such as crystal violet and congo red [21], [22], 

[23], [24], [25]. However, most studies have 

focused on systems containing only a single 

dye. In industrial-scale textile wastewater, 

pollutants are rarely limited to one dye type, 

and effluents commonly contain mixtures of 

cationic, anionic, and nonionic dyes [26]. 

Literature discussing the simultaneous 

adsorption of cationic and anionic dyes on 

adsorbents remains limited [19], [27], [28]. 

Therefore, this study further investigates the 

adsorption mechanisms of mixed cationic 

and anionic dyes on montmorillonite using a 

molecular dynamics (MD) simulation 

approach. MD simulations enable the 

investigation of structural properties at the 

molecular level, helping to clarify the 

relationships between microscopic 

interactions and macroscopic system 

behavior. In addition, MD can provide 

dynamic and thermodynamic information 

relevant to adsorption processes and support 

https://doi.org/10.1016/j.molliq.2019.111119
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https://doi.org/10.1007/s12221-023-00247-z
https://doi.org/10.3390/molecules27051593
https://doi.org/10.3390/w16101400
https://doi.org/10.1016/j.heliyon.2024.e39316
https://doi.org/10.3390/separations10010057
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https://doi.org/10.1007/s10934-019-00782-2
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 JKPK (Jurnal Kimia dan Pendidikan Kimia), Vol. 10, No. 3, 2025,  pp. 445-461         447 

  

the interpretation and validation of 

experimental findings [29], [30], [31]. 

The dyes examined in this study are 

Congo red (CR), an anionic dye, and crystal 

violet (CV), a cationic dye. Congo red 

contains an azo group (RN═NR) and 

aromatic rings. It has a complex molecular 

structure, is toxic, highly soluble in water, and 

can persist in the environment after 

discharge, which makes it difficult to degrade. 

Congo red has also been reported to exhibit 

carcinogenic effects in humans, and it has 

therefore been banned in many countries 

[32], [33]. Crystal violet (CV), in contrast, is a 

cationic dye that is not readily degraded 

under natural conditions and is toxic, 

genotoxic, and carcinogenic. In aquatic 

environments, CV contamination can induce 

tumor formation and reproductive disorders in 

fish. In humans, exposure to CV may cause 

eye irritation and, in severe cases, respiratory 

problems, kidney failure, chemical cystitis, 

permanent blindness, and cancer [34]. 

In this study, molecular dynamics 

simulations were performed using the 

GROMACS package [35]. The adsorption 

orientations and mechanisms of CV and CR 

on MMT were investigated in both single-dye 

systems and mixed-dye systems. The 

findings are expected to provide molecular-

level insights that support future experimental 

validation and guide potential industrial 

applications. 

 

METHODS  

The molecular structures of crystal 

violet (CV) and Congo red (CR) were 

obtained from the PubChem database. The 

corresponding topology files, including 

nonbonded parameters (atom types and 

partial charges) and bonded parameters 

(bonds, angles, and dihedrals), were 

generated using the CHARMM GUI server 

[36]. The force field employed in this system 

combined ClayFF and CHARMM36 [37] [38]. 

ClayFF was used to define the interaction 

parameters for atoms in montmorillonite 

(MMT), while CHARMM36 was applied to CV 

and CR. 

CV and CR molecules were 

introduced into the simulation box using the 

gmx insert-molecules command. The 

numbers of CV and CR molecules were 

varied to examine how the adsorption 

behavior changes with increasing dye 

concentration. In the single dye systems, 5, 

10, 15, and 20 molecules of either CV or CR 

were added. In the mixed dye systems, the 

total number of dye molecules and the CV: 

CR ratio were systematically varied. For a 

total of 20 molecules, the CV: CR ratios were 

1:1, 3:1, 3:2, and 4:1. For a total of 30 

molecules, the CV: CR ratios were 1:1, 2:1, 

3:2, and 4:1. For a total of 40 molecules, the 

CV: CR ratios were 1:1, 3:1, 3:2, and 4:1. 

The fully constructed system was then 

solvated with water molecules. The SPC E 

water model (spc.gro), available in 

GROMACS, was used in this study. Solvation 

was performed using the gmx solvate 

command. Depending on the number of dye 

molecules added, the system contained 

approximately 5,000 to 6,000 water 

molecules, as generated automatically during 

solvation. After solvation, Na+ or Cl− ions 

were introduced using the gmx genion 

command to neutralize the system. 

https://doi.org/10.1016/j.molliq.2019.111139
https://doi.org/10.1016/j.molliq.2020.113142
https://doi.org/10.1016/j.apsusc.2020.147700
https://doi.org/10.1080/16583655.2018.1540179
https://doi.org/10.1088/1755-1315/810/1/012048
https://doi.org/10.1016/j.cej.2012.07.009
https://doi.org/10.5281/zenodo.5636522
https://doi.org/10.1002/jcc.20945
https://doi.org/10.1021/acs.jpcc.5b10181ï
https://doi.org/10.1021/acs.jctc.5b00935
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Energy minimization was prepared 

using the gmx grompp command. In this 

study, the steepest descent algorithm was 

applied to minimize the system. The 

equations of motion were integrated using the 

Verlet algorithm. All bond lengths were 

constrained using the LINCS method. The 

van der Waals cutoff distance was set to 1.0 

nm, and long-range electrostatic interactions 

were treated using the Particle Mesh Ewald 

(PME) method [39]. 

System equilibration was performed in 

two stages using the canonical (NVT) and 

isothermal isobaric (NPT) ensembles. The 

NVT equilibration was conducted to stabilize 

the system temperature. A Nose Hoover 

thermostat was applied for temperature 

control [40], and the initial temperature was 

set to 300 K. The NVT run was performed for 

100 ps, corresponding to 50,000 steps. 

Subsequently, NPT equilibration was 

performed to stabilize the system's pressure 

and density under conditions representative 

of the experiments. Pressure was controlled 

using a Parrinello-Rahman barostat with a 

target pressure of 1 bar. The NPT 

equilibration was run for 1 ns, corresponding 

to 500,000 steps [41]. 

The production molecular dynamics 

simulation was then performed for 50 ns 

(25,000,000 steps) using a two fs time step at 

300 K and 1 bar. Temperature and pressure 

were maintained using the Nose-Hoover 

thermostat and the Parrinello-Rahman 

barostat, respectively. The van der Waals 

cutoff was set to 1.0 nm, while long-range 

electrostatic interactions were treated using 

the Particle Mesh Ewald (PME) method. 

In this study, the adsorption orientation 

mechanisms of CV and CR on MMT in both 

single-dye and mixed-dye systems were 

analyzed using simulation outputs, including 

the radial distribution function (RDF), dye 

mobility via mean square displacement 

(MSD), and the number of hydrogen bonds 

formed within the system. 

RESULT AND DISCUSSION 

1. Crystal Violet Adsorption 

Varying the number of CV molecules 

added to the system was intended to 

evaluate the adsorption capacity of MMT as 

the CV concentration increased. In this study, 

5, 10, 15, and 20 CV molecules were 

introduced. A snapshot of the final 

configuration for the system containing 20 CV 

molecules is shown in Figure 1. 

At the start of the simulation, CV 

molecules were dispersed in the aqueous 

phase. After 50 ns of simulation, CV 

molecules began to aggregate, and some of 

these aggregates subsequently interacted 

with the MMT surface. Using the MDAnalysis 

protocol, the number of CV molecules located 

within 1 nm of the MMT surface was 

quantified. As shown in Table 1, increasing 

the number of CV molecules led to an 

increase in the number of CV molecules 

interacting with MMT. This trend is expected 

because a higher number of CV molecules 

increases the probability of contact with the 

MMT surface. 

 

https://doi.org/10.3390/w12113200
https://doi.org/10.1016/j.molliq.2020.114247
https://doi.org/10.1080/08927022.2020.1755037
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Figure 1.  Snapshot of the final results of the 20 CV simulation: a. top view before the simulation; 

b. top view after the simulation; c. front view before the simulation; d. front view after the 

simulation 

 

Table 1. Results of MDAnalysis of CV-MMT system simulation 

Production Time 

(ns) 

Initial Number of 

CV 

Number of CV 

adsorbed (VdW) 

50 5 3 

50 10 3 

50 15 5 

50 20 8 

  

The trajectory files obtained at the 

end of the simulations were used to analyze 

the orientation of CV functional groups and to 

identify the dominant interactions with MMT. 

This analysis was performed using the radial 

distribution function (RDF). The CV structure 

was divided into several functional groups, as 

shown in Figure 2. In this study, the reference 

atom was the surface oxygen at the active 

sites of MMT. Figure 3 presents the RDF 

profiles between selected CV functional 

groups and the MMT surface oxygen atoms. 

A prominent peak appears at a distance of 

approximately 0.5 nm, indicating that the 

dominant interaction between CV and the 

MMT surface is governed mainly by van der 

Waals forces [42] 

 

This interpretation is supported by 

the hydrogen bond analysis shown in Figure 

4, which compares the hydrogen bonds 

formed between CV and MMT with those 

formed between CV and water. The number 

of hydrogen bonds between CV and MMT is 

very low and becomes negligible by the end 

of the simulation. Hydrogen bonding occurs 

predominantly between CV and water, and 

the number of these hydrogen bonds 

decreases as the simulation proceeds. This 

trend suggests that CV molecules are 

adsorbed onto the MMT surface and 

increasingly form aggregates with other CV 

molecules, which reduces their interaction 

with surrounding water molecules. Figure 3 

also shows that the highest RDF peak 

corresponds to the N+ site in CV. This is 

https://doi.org/10.1016/j.molliq.2023.123899
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consistent with the negatively charged nature 

of MMT, which promotes stronger attraction 

toward the positively charged N+ center. 

According to the RDF results (Figure 3), the 

dominant interaction between the quaternary 

ammonium (N+) group of CV and the MMT 

surface is primarily van der Waals in 

character [43]. Consistent with previous 

experimental findings, interactions involving 

the quaternary amine group are considered  

the key contribution driving CV adsorption 

onto the MMT surface [44]. 

 

 

 

Figure 2. Classification functional group of CV (grey = C, white = H, blue = N, green = Cl). 

 

Figure 3. RDF between the functional group of CV and the oxygen atom on the MMT surface 

 

 

 

https://doi.org/10.1016/j.cocis.2008.01.001
https://doi.org/10.1016/j.cej.2017.09.172
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(a)                                                        (b) 

Figure 4. The number of hydrogen bonds in the system, a. CV-water and CV-MMT; b. 

enlargement of CV-MMT 

 

 

 

 

Figure 5. Snapshot of the final results of the 20 CR simulation: a. top view before the simulation; 

b. top view after the simulation; c. front view before the simulation; d. front view after the 

simulation 

 

 

a. 
b. 

c. 
d. 
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2. Congo Red Adsorption 

Figure 5 illustrates the final 

configuration of the system, which includes 

CR. Before the simulation, CR molecules 

were dispersed in the aqueous phase. After 

50 ns, CR molecules began to aggregate with 

each other; however, no adsorption onto the 

MMT surface was observed. This behavior is 

also supported by the MDAnalysis results. As 

shown in Table 2, increasing the number of 

CR molecules did not increase the number of 

CR molecules located within the interaction 

distance from MMT. This indicates that CR 

did not adsorb onto MMT under the 

conditions investigated. 

. 

Table 2. Results of MDAnalysis of the CR-MMT system simulation 

Produksi Time  

(ns) 

Initial Number of CR Number of CR 

adsorbed (VdW) 

50 5 - 

50 10 - 

50 15 - 

50 20 - 

 

 

Figure 6. RDF between functional group of CR and oxygen atom on MMT surface. 

 

Figure 7. The number of hydrogen bonds in the system, CV-MMT and CR-MMT. 
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CR has a markedly different structure from 

CV. CR is an anionic dye, and each molecule 

carries two negative charges. In principle, CR 

is less likely to interact with the MMT surface 

because MMT is also negatively charged. 

Electrostatic repulsion between CR and the 

MMT surface, therefore, contributes to the 

low adsorption capacity of pristine MMT 

toward CR. For this reason, in experimental 

studies, MMT is often surface-modified when 

it is intended for the adsorption of CR or other 

anionic dyes, to enhance its adsorption 

performance [32]. 

 

Figure 6 presents the RDF profiles, 

which describe the orientation of CR 

functional groups (Figure 7) relative to the 

MMT surface. No pronounced peaks are 

observed for any CR functional group, 

indicating that CR has no dominant 

interaction with MMT. Instead, the water 

MMT interaction is more prominent than the 

CR MMT interaction. The RDF peak for water 

relative to MMT, which appears at 

approximately 0.25 nm, suggests the 

formation of hydrogen bonds between water 

molecules and the MMT surface [45]. This 

supports the hydrophilic nature of MMT and 

its strong affinity for water [46]. 

 

Figure 8. Classification functional group of CR (Grey = C, white = H, blue = N, yellow = S, red = O). 

 

 CR has a markedly different structure 

from CV. CR is an anionic dye, and each 

molecule carries two negative charges. In 

principle, CR is less likely to interact with the 

MMT surface because MMT is also 

negatively charged. Electrostatic repulsion 

between CR and the MMT surface, therefore, 

contributes to the low adsorption capacity of 

pristine MMT toward CR. For this reason, in 

experimental studies, MMT is often surface-

modified when it is intended for the 

adsorption of CR or other anionic dyes, to 

enhance its adsorption performance [32]. 

Figure 6 presents the RDF profiles, 

which describe the orientation of CR 

functional groups (Figure 7) relative to the 

MMT surface. No pronounced peaks are 

observed for any CR functional group, 

indicating that CR has no dominant 

interaction with MMT. Instead, the water 

MMT interaction is more prominent than the 

CR MMT interaction. The RDF peak for water 

relative to MMT, which appears at 

approximately 0.25 nm, suggests the 

formation of hydrogen bonds between water 

molecules and the MMT surface [45]. This 

https://doi.org/10.1080/16583655.2018.1540179
https://doi.org/10.1016/j.molliq.2020.114964
https://doi.org/10.1088/1757-899X/509/1/012057
https://doi.org/10.1080/16583655.2018.1540179
https://doi.org/10.1016/j.molliq.2020.114964
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supports the hydrophilic nature of MMT and 

its strong affinity for water [46]. 

Consistently, the hydrogen bond 

analysis in Figure 8 shows that hydrogen 

bonding between CR and water is more 

dominant than that between CV and water. 

This indicates that CR interacts more strongly 

with the aqueous solvent, which further 

reduces its tendency to approach and adsorb 

onto the MMT surface. 

3. Crystal Violet and Congo Red 

Adsorption 

In this system, both CV and CR 

molecules were introduced simultaneously. 

The total number of dye molecules was set to 

20, 30, and 40, and for each total 

concentration, the CV: CR ratio was varied to 

evaluate how dye loading and composition 

influence the ability of MMT to adsorb CV and 

CR. All mixed dye systems were simulated 

for 50 ns during the production stage. 

Table 3 shows that the highest 

adsorption was obtained for the system 

containing 20 molecules with a CV: CR ratio 

of 3:1. The decline in adsorption capacity 

observed at higher total dye loadings may 

indicate that the MMT model, consisting of 84 

unit cells (12 × 7 × 1), had approached its 

maximum adsorption capacity. Among the 

tested conditions, the mixed system with 20 

molecules at a CV: CR ratio of 3:1 yielded the 

most optimal performance. Therefore, the 

corresponding trajectory files were further 

analyzed to investigate the orientations of CV 

and CR functional groups relative to the MMT 

surface using RDF profiles, partial density 

distributions, and diffusion coefficients for CV 

and CR.  

The mixed dye system exhibits 

interaction behavior that differs from that of 

the single dye systems. In addition to 

interactions between the adsorbent and each 

adsorbate, interactions also occur between 

different types of adsorbates, which can 

influence their overall adsorption behavior on 

the adsorbent. In this study, such interactions 

lead to an enhanced adsorption of CR onto 

MMT compared with the single CR system. 

.

Table 3. Variations in the addition of CV-CR to each system. 

Number 

of 

Molecules 

CV: CR 

Initial 

Number of 

CV 

Initial Number 

of CR 

Number of 

CV 

Adsorbed 

(VdW) 

Number of CR 

Adsorbed 

(VdW) 

20 

1 : 1 10 10 - - 

3 : 1 15 5 8 2 

3 : 2 12 8 5 2 

4 : 1 16 4 4 1 

30 

1 : 1 15 15 - - 

2 : 1 20 10 - - 

3 : 2 18 12 2 - 

4 : 1 24 6 - - 

40 

1 : 1 20 20 4 1 

3 : 1 30 10 3 - 

3 : 2 24 16 - - 

4 : 1 32 8 1 - 

https://doi.org/10.1088/1757-899X/509/1/012057
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Figure 9. Snapshot of the final results of the 20 CV-CR (3:1) simulation: a. top view before the 

simulation; b. top view after the simulation; c. front view before the simulation; d. front view 

after the simulation (Red: CR, Purple: CV) 

 

Figure 10. RDF between the functional group of CV-CR and the oxygen atom on the MMT 

surface. 
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Figure 11. Normalized Partial Density of CV-CR System (20 (3:1)); a. Before production; b. After 

production 

 

Figure 9 shows that CV and CR 

molecules were initially dispersed throughout 

the system before the production run. After 

50 ns of simulation, CV and CR molecules 

interacted with each other, forming 

aggregates that were subsequently adsorbed 

onto the MMT surface. The results indicate 

that CR preferentially interacts with CV, 

effectively becoming associated with or 

partially covered by CV molecules. As 

reported in previous studies [47], textile 

wastewater typically contains mixtures of 

different dyes, and interactions among these 

dyes can either enhance or inhibit their 

adsorption onto an adsorbent. In a single dye 

system, MMT does not adsorb CR due to 

electrostatic repulsion between the 

negatively charged MMT surface and the 

anionic CR molecules.  

However, the presence of CV in the 

mixed system, which acts as a cationic dye, 

can help facilitate the adsorption of CR on the 

MMT surface. The negatively charged CR 

interacts with CV to form a complex or 

aggregate. The MMT surface adsorbs this 

aggregate through van der Waals interaction. 

The RDF profiles in Figure 10 

indicate that the dominant functional group 

interacting with the MMT surface is the N+ site 

of CV, consistent with the single CV system. 

In contrast, the CR functional groups are 

primarily oriented toward the surrounding 

water solvent. This suggests competition 

between CR MMT interactions and the water 

MMT interactions, with water remaining more 

strongly associated with the MMT surface 

than CR. 

Interactions among CV, CR, and 

MMT were further examined using partial 

density analysis. Partial density describes the 

density distribution of each species along the 

simulation coordinates. It can be used to infer 

the position of a molecule relative to other 

components in the system [40]. As shown in 

Figure 11, before the production run, the CV 

and CR density profiles are broad and 

located relatively far from the MMT surface, 

indicating that both dyes are dispersed in the 

bulk solution. After 50 ns, the CV and CR 

density peaks become sharper and shift 

closer to the MMT surface. The sharp peaks 

indicate aggregation at specific coordinates 

https://doi.org/10.1515/revce-2016-0042
https://doi.org/10.1016/j.molliq.2020.114247
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and a stronger association with the MMT 

surface region. The onset of the CR density 

profile is also lower than that of CV, 

suggesting that part of CR is effectively 

covered or shielded by CV during adsorption, 

which facilitates CR retention near the MMT 

surface. 

This observation is consistent with 

experimental reports on the coadsorption of 

cationic and anionic dyes on MMT. Cationic 

dyes can enter the interlayer space through 

ion exchange and form an organic-rich phase 

within the interlayer. Subsequently, anionic 

dyes may be immobilized within this phase 

through hydrophobic interactions formed 

between the adsorbent and the intercalated 

cationic dye molecules [19]. 

The relatively weak association of 

CR with MMT is also reflected in its diffusion 

coefficient (D). The diffusion coefficient 

describes molecular mobility in solution and 

can be estimated from the slope of the MSD 

curve [40]. As shown in Table 4, CR exhibits 

a smaller diffusion coefficient than CV. This is 

likely due to the larger molecular size and 

higher molecular mass of CR, which reduces 

its mobility relative to CV. Additionally, the 

stronger hydrogen bonding between CR and 

water in the single dye system (Figure 8) can 

further decrease CR mobility, contributing to 

its lower diffusion coefficient. In the mixed 

dye system, the diffusion coefficients of both 

CV and CR decrease. This reduction can be 

attributed to strong dye-dye interactions 

between CV and CR, including electrostatic 

attractions, which promote aggregation and 

limit overall molecular mobility. 

 

 

.

 

Table 4. Diffusion coefficient (D) values of CV and CR in single and mixed systems

System D (10-5 cm2/s) 

CV (single) 0,1125 

CV (mixed) 0,0708 

CR (single) 0,0641 

CR (mixed) 0,0193 

CONCLUSION 

Molecular dynamics studies can be 

used to investigate the adsorption 

mechanism of cationic and anionic dye 

mixtures on montmorillonite at the molecular 

level, and to establish the direct correlation 

between microscopic details and 

macroscopic properties of the systems used 

in the experimental study. This study has 

investigated the orientation mechanism of CV 

and CR adsorption on MMT, both in single 

and mixed systems.  In the single CV system, 

the optimal adsorption capacity is achieved 

when 20 CVs are added, resulting in an 

adsorption percentage of 40%. CV is 

adsorbed on the surface of MMT through a 

dominant van der Waals interaction occurring 

between the surface of MMT and the 

quaternary amine group (–N+) on the CV 

molecule. In the single CR system, no CR 

molecules are adsorbed due to the 

https://doi.org/10.1007/s10934-019-00782-2
https://doi.org/10.1016/j.molliq.2020.114247
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electrostatic repulsive force between the CR 

and MMT surfaces. In the mixed system, 

there is an increase in the adsorption 

capacity of CV and CR. The system that 

yields optimal results is one in which the 

number of CV-CR is increased by 20 

molecules, with a CV: CR ratio of 3:1. This 

system exhibits a synergistic interaction 

between CV and CR, enabling an increase in 

adsorption capacity to 50%. 
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