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1. Introduction 

 
Several factors should be considered in the dye 

selection, including the compatibility between the 

polymer and the dye, the stability of the dye in the 

processing conditions of the polymer, and the dispersion 

[1]. Also, the presence of other additives is very 

effective on the dispersion of the dye in the polymer 

matrix [2]. Each type of dye has its advantages and 

disadvantages [3]. Unlike dyes, organic and inorganic 

pigments are insoluble in the polymer matrix and it is 

difficult to disperse them, but they have a good covering 

[4]. In addition, the migration of dyes out of the 

polymer matrix can occur [5]. Meanwhile, 

montmorillonite (MMT) clay is the most common 

phyllosilicate used to produce polymer nanocomposites 

[6,7]. Generally, clays are hydrophilic [8,9]. To be 

compatible with organic polymers, the surface of clay 

minerals must be modified before their use [10]. 

Organic cations such as ammonium or phosphonium 

ions are the most common organic modifiers used for 

clay minerals [11]. This modification involves cation 

exchange. Organic modification causes the expansion of 

the interlayer space and thus increases the distance 

between the plates to some extent [12]. Therefore, 

organic modification causes a polymer or a cationic 

molecule to penetrate into the interlayer space [13]. The 

presence of modified clay in the polymer matrix 

improves mechanical and thermal properties [14]. In 

fact, in pigments based on nanoclay, all or part of the 

cation exchange capacity of nanoclay is exchanged with 

an organic pigment and in some cases with organic 

surfactants such as tetravalent ammonium [15]. One of 

the big problems of organic dyes is environmental 

problems and their high price, which can be replaced by 

environmentally friendly dyes based on plants [16,17]. 

In this study, we used an easy way to introduce ethylene 
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into the space between Na
+
-MMT layers. The obtained 

results confirmed the presence of ethylene in the 

interlayer space. Also, the antimicrobial results showed 

that this nanoparticle is very effective against 4 types of 

Gram-positive and Gram-negative bacteria.

2. Experimental 

2.1. Materials 
   The Na

+
-MMT and GC were obtained from 

Rockwood Company (USA) and Peptina Company 

(Iran), respectively. 

 

2.2. Preparation of GL-MMT 
First, the Na

+
-MMT was swollen [12-14], therefore, 

10 g of it was stirred in 1000 mL of distilled water (at 

25 °C, 30 h). Then, GC (4 g) was stirred in 500 mL of 

distilled water (at 25°C, 2 h) and next added to the      

Na
+
-MMT mixture. Afterward, mixture was stirred for 

30 h (at 25 °C) and then rested for 24 h. Eventually, it 

was centrifuged (6000 rpm) for 20 min and the          

GC-MMT was vacuum-dried (at 30 °C) for 24 h. 

 

2.2. The measurements and characterization 
   FT-IR spectra of the samples were recorded on an 

Equinox 55 spectrometer (Bruker, Germany), within a 

range of 400 - 4000 cm
–1

 using a resolution of 4 cm
–1

. 

XRD measurements were carried out using an Xpert Pro 

MPD diffractometer (Panalytical, Netherlands). The 

measurement was performed at room temperature and 

the system consists of a rotating anode generator which 

operated at 35 kV and 20 mA. A field emission SEM 

(FE-SEM-MIRAIII model-TESCAN Company) was 

used to investigate the samples. The TGA was a 

TGA/SDTA 851 (Mettler Toledo, Switzerland). The 

analysis was carried out in nitrogen atmosphere with a 

heating rate of 10 °C/min. To evaluate the antibacterial 

properties, the agar diffusion method was used as 

described in the literature [18-20], and the minimum 

inhibitory concentration (MIC) and minimum 

bactericidal concentration (MBC) were also evaluated. 

 

3. Results and discussion 

Figure 1 and Table 1 show the FTIR results. As seen 

in the GC-MMT spectrum, in addition to MMT peaks, 

peaks related to the presence of GC are also observed. 

Figure 2 shows the XRD pattern of the samples. It can 

be seen that in GC-MMT, the peak appeared at lower 2θ 

values and the d-spacing increased. The increase in       

d-spacing is due to the absence of Na
+
 cation and the 

presence of GC [8,19]. Figure 3 shows FE-SEM images 

of samples. The morphology did not change after the 

exchange process, which this behavior reported in the 

literature [8,12]. 

  

 

 

 

 
 

Figure 1. FT-IR spectra of samples. 



Chem Res Tech 1 (2024) 16-21 
 

18 

 

Table 1. Absorption peak characteristic of FTIR spectrum. 

Sample Wavenumber (cm
–1

) Characteristics Ref. 

Na
+
-MMT 465 and 1043 Bending and stretching Si-O vibrations [8] 

523 Si-O-Al vibration and MgO groups [8,13] 

916 Al2OH bending groups [8,16] 

1635-3445 Scissoring vibrations and symmetric vibrations of OH 

units 

[21-24] 

3633 Stretching of OH (SiOH groups) [25-28] 

GC 1207, 1407, and 2932 C-H stretching of alcohols, polyphenols, and alkenes [29-32] 

3295 OH of alcohols, polyphenols, and alkenes [29,33-36] 

1730 C=O stretching vibrations due to acid of anhydrides [29] 

1600 C=C stretching of alkenes [29,36] 

765 The aromatic C-H functional group [29,37,38] 

610 Symmetric stretching mode and bending mode of C-H-H 

bands 

[29,39] 

 

 

 
Figure 2. XRD patterns of samples. 

 

 
 

Figure 3. FE-SEM images of samples. 
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Figure 4 shows the TGA curves of samples. As can 

be seen, Na
+
-MMT has a weight loss of about 12.5%. 

This weight loss up to the range of 200 °C is related to 

dehydration inside the interlayer space, and in the rest of 

the ranges it is related to the dehydroxylation of 

inorganic clay [16,19]. For GC, the weight loss up to the 

temperature range of 200 °C is caused by the 

evaporation of water and volatile compounds. In the rest 

of the ranges, it is caused by the destruction of cellulose 

groups as well as the decomposition of the carbon 

skeleton. However, the weight loss of GC-MMT is 

about 30%, and according to the weight loss of          

Na
+
-MMT, it can be said that approximately 17.5 wt.% 

of GC is present in the structure of GC-MMT. Herein, 

the antimicrobial properties of GC-MMT against four 

types of bacteria, (Bacillus subtilis (gram-positive), 

Staphylococcus epidermidis (gram-positive), 

Escherichia coli (gram-negative), and Shigella 

dysenteriae (gram-negative)), were investigated (see 

Table 2). The formation of inhibition zones by GC-

MMT is due to the presence of GC in the structure. GC 

contains many bioactive compounds [40]. GC contains 

fukugetin, garcinol, guttiferone k, oxy-guttiferone k, 

arginine, glutamine, hydroxy citric acid, malic acid, 

citric acid, galic acid, procyanidine [40,41]. That is why 

it has immune-enhancing, analgesic, anti-inflammatory, 

antioxidant, schistosomicidal, leishmanicidal, 

photoprotective, and antibacterial effects [40-42]. 
 

 

Figure 4. TGA curves of the samples. 

 

Table 2. Antimicrobial activity of GC-MMT. 

MBC MIC DD Microorganism 

1000 500 9  

  
Bacillus subtilis  

1000  500  7 

 
Staphylococcus 

epidermidis  

2000 1000 3 Escherichia coli  

2000 1000 2 

 
Shigella 

dysenteriae  

           Note: 

* DD: Disk diffusion method, inhibition zones in diameter (mm) around the impregnated disk. 

** DD: 600 μg per well 

*** Concentrations of MIC and MBC as μg/mL 
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These compounds have the ability to suppress by 

membrane perturbation, reduction of host ligands 

adhesion, and neutralizing bacterial toxins [16,42-45]. 

The results show that GC has a greater effect on Gram-

positive bacteria, which is due to the difference in the 

structure of the bacterial cell wall [16]. The cell wall of 

gram-positive bacteria is simple and porous compared to 

gram-negative bacteria, so it is easier to penetrate [19].

4. Conclusion 
To sum up, we have been able to successfully 

incorporate GC into the structure of Na
+
-MMT. The 

results of FTIR, XRD, TGA, and SEM showed that GC 

entered the Na
+
-MMT layers. The GC-MMT has very 

good thermal stability. Also, antibacterial results 

showed that GC-MMT can be very effective. 
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