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Abstract 
Gemini surfactants have unique advantages in various 

industries such as detergents, cosmetics, paints, and 

pharmaceuticals due to their versatile hydrophilic-

lipophilic balance. Three novel cationic surfactants, 

derived from alkyl alcohol and epichlorohydrin, featuring 

multi-alkyl multiple quaternary-ammonium salts, were 

synthesized with the order of C4 > C6 > C8 alkyl groups. 

The structure of the synthetic compounds was 

determined using FTIR and 1H-NMR analysis. The anti-

cancer properties of the Gemini surfactants were 

determined with the MCF-7 breast cancer cell line, using 

the MTT cytotoxicity assay. We found an increase in alkyl 

groups (C4 > C6 > C8), indicating that larger alkyl groups 

contribute to improved surface qualities. The compounds 

showed improved surface qualities and reduced critical 

micelle concentration (CMC). In addition, The results 

showed the significant anti-cancer potential of 

compound B1 on the breast cancer cell line. In 

comparison to compounds B2 and B3, the highest 

inhibition was observed at concentrations from 25 to 400  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µg/mL, demonstrating 26.8% to 4.3% and 32% to 4.7%, 

inhibition, respectively. 
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Breast cancer, Anti-cancer 

 

 

1. Introduction 

"Gemini surfactants" denotes a distinct class of cationic surfactants 
known as dimeric quaternary ammonium compounds. 
Comprising two monomeric moieties connected by a flexible or 
rigid spacer, each possesses a hydrophilic head group (a positively 
charged nitrogen atom) and a hydrophobic tail (a long alkyl chain) 
(A.R. Ahmady et al., 2022; B. Brycki et al., 2021). Gemini 
surfactants exhibit superior surface, interfacial, and biological 
characteristics compared to conventional monomeric counterparts 
(L. Lin et al., 2021; V. Kumar et al., 2020). The Critical Micelle 
Concentration (CMC) of Gemini surfactants is significantly lower 
than that of monomeric surfactants (V. Kumar et al., 2020). A 
lower CMC allows even a smaller amount of Gemini surfactant to 
achieve the desired effect (İ. Sarıkaya et al., 2021). The alkyl chains 
of Gemini surfactants reduce the CMC (Y. Liang et al., 2019; B. 
Brycki et al., 2019; J. Hao et al., 2019), while heteroatoms or a 
significant number of bonds in the spacer increase it (B. Brycki et 
al., 2019; E. Forsyth et al. 2020; H. Lal et al., 2022). Conversely, the 
spacer's length, flexibility, and the types of integrated groups can 
decrease or increase the CMC (C.S. Buettner et al., 2022). 
Gemini surfactants find application in various fields, including 
biocides (H. Zhu et al., 2021), corrosion inhibitors (R. Aslam et al., 
2019; M. Mobin et al., 2019), detergents (İ. Sarıkaya et al., 2021),  
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The alkyl chains of Gemini surfactants reduce the CMC (Y. Liang 
et al., 2019; B. Brycki et al., 2019; J. Hao et al., 2019), while 
heteroatoms or a significant number of bonds in the spacer 
increase it (B. Brycki et al., 2019; E. Forsyth et al. 2020; H. Lal et 
al., 2022). Conversely, the spacer's length, flexibility, and the types 
of integrated groups can decrease or increase the CMC (C.S. 
Buettner et al., 2022). 
Gemini surfactants find application in various fields, including 
biocides (H. Zhu et al., 2021), corrosion inhibitors (R. Aslam et al., 
2019; M. Mobin et al., 2019), detergents (İ. Sarıkaya et al., 2021), 
emulsifiers (D. Han et al., 2022), gene delivery agents (Z. Lu et al., 
2023), micellar catalysis (A. Bhattarai et al., 2022; A.Z. Naqvi et al., 
2021), and more. Their uses span the home, healthcare, pharmacy, 
and petrochemical industries (J. Feng et al., 2021; M. Akram et al., 
2023; E.M.P. Gómez et al., 2022). However, their increased usage 
raises concerns about their potential environmental impact, as 
Gemini surfactants exhibit low biodegradability. Although 
compounds that do biodegrade can be digested by bacteria in the 
environment [3], dimeric surfactants threaten aquatic life, albeit 
less than their monomeric counterparts (R.A. Júnior et al., 2023). 
Altering the chemical makeup by adding ester links or substituting 
hydrophilic components can mitigate their aquatic toxicity and 
enhance biodegradability (D. Han et al., 2022; R.A. Júnior et al., 
2023). 
In the current study, three cationic Gemini surfactants with C4, 
C6, or C8 alkyl chains, oxygen as a spacer, and a hydroxyethyl 
group linked to the positively charged nitrogen atoms were 
investigated for self-aggregation, biodegradability, and 
cytotoxicity. 
 
2. Material and Methods 
Chemical and Equipment 
The Sigma-Aldrich Company provided the following materials 
and equipment: epichlorohydrin (98 percent purity), isatin (98 
percent purity), butanol (98 percent purity), hexanol (98 percent 
purity), octanol (98 percent purity), 1,6-dibromo hexane (98 
percent purity), ethyl acetate (99 percent purity), and ethanol (99.8 
percent purity). The chemical shifts recorded in the NMR spectra 
of the produced Gemini surfactants were internally referred to as 
TMS [0 ppm], and the spectra were captured in DMSO. On a 
Thermo Electron Corporation Nicolet 380 FT-IR 
spectrophotometer, Fourier transform infrared (FT-IR) 
Spectroscopy was used to establish the structural features of these 
novel Gemini surfactants. Aluminum sheets were subjected to 
TLC under a homogenous silica gel sorbent layer with a 90 to 120 
m thickness and a sorbent size of 5-17 (m). The electrical 
conductivity of the surfactant solution and a WTW Inolab cond 
740 conductivity meter were used to calculate the CMC values 
(Germany). 

Synthesis of Alkyl Glycidyl Ethers (I) (Scheme 1) 
In the reaction vessel, alcohol (0.1 mol) was heated to 400C. TBAB 
(0.2g, 0.00063 mol), sodium hydroxide (6g, 0.15mol), and (25ml) 
hexane were added, and the mixture was agitated for 30 minutes at 
the same temperature. The temperature was between 38℃ and 
400℃, while epichlorohydrin (18.5g, 0.2 mol) was added drop by 
drop over 30 minutes. After adding the epichlorohydrin, the 
mixture was rapidly agitated for 2 to 6 hours. The organic layer 
was separated after cooling the reaction mixture. Under reduced 
pressure, the solvent was removed from the organic layer, and the 
remaining material was vacuum-distilled to produce (I), a yellow 
precipitate with a yield of 0.78 g and a 78 percent purity (L. Lin et 
al., 2019; E.E. Badr et al., 2017). 
Synthesis of 1-(3-butoxy-2-hydroxypropyl) indoline-2,3-dione 
(II) (Scheme 1) 
Potassium carbonate was dissolved in 20 ml of ethanol, and Isatin 
(1.8g, 0.0125 mol) was added while agitating the solution. The 
solution was then agitated for 20 minutes at room temperature. 
The compound (1.3g, 0.01 mol) was added, and the reaction 
mixture's temperature was held at 800℃ for 24 hours. The created 
precipitate was filtered, recrystallized from the ethanol, and then 
dried under vacuum to yield (II) as brown precipitate, yielding 
0.71g, 71%, and 167℃ M.P. 
Synthesis of 1,1-(hexane-1,6-diyl)bis(1-(3-butoxy-2-
hydroxypropyl)-2,3-dioxoindolin-1-ium)bromide B1 (Scheme 1) 
Compound II (2.7g, 0.01mol) was dissolved in ethanol when the 
solution became clear, 1,6-dibromohexan (0.75g, 0.005 mol) was 
added to the solution and reacted for 48h at 60℃. The reaction 
progress was controlled by TLC (eluent = 0.5:2.5:10: KNO3: H2O: 
CH3CN). The produced precipitate was filtrated, recrystallized 
from ethanol, and then dried under vacuum to afford B1 as brown 
precipitate, yielding 0.77g, 77%, M.P. 158℃. Compounds B2 and 
B3 were prepared in the same way. 
In vitro anti-cancer activity 
Preparation of cell culture 
The human colorectal carcinoma (HCT 116) cell line was initially 
cultivated under optimal incubator conditions. Cells reaching 70–
80% confluence were selected for cell plating. The old medium was 
aspirated from the flask, and the cells were washed 2–3 times with 
sterile phosphate-buffered saline (PBS) (pH 7.4). After washing, 
trypsin was evenly distributed onto the cell surfaces, and the cells 
were incubated at 37°C with 5% CO2 for 1 minute. The flasks were 
gently tapped to aid cell segregation, and the trypsin activity was 
halted by adding 5 ml of fresh media (10% FBS). Cells were then 
counted, diluted to a final concentration of 2.5 × 10^5 cells/ml, 
and inoculated into wells (100 µl cells/well). The plates containing 
the cells were finally incubated at 37°C with an internal 
atmosphere of 5% CO2. 
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Figure 1. FT-IR spectra of cationic Gemini 
surfactants B1. 
 

Figure 2. FT-IR spectra of cationic Gemini 
surfactants B2. 
 

Figure 3. FT-IR spectra of cationic Gemini 
surfactants B3. 
 

Scheme 1. Syntheses of Cationic Gemini 
Surfactants 
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Figure 4. 1H-NMR of cationic 
Gemini surfactants B1. 
 

Figure 5. 1H-NMR of cationic 
Gemini surfactants B3. 
 

Figure 6. Mass spectra of cationic 
Gemini surfactants B1. 
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Figure 9. Critical micelles concentration of B1 
B2 and B3. 
 

Figure 7. Mass spectra of cationic Gemini 
surfactants B2. 
 

Figure 8. Mass spectra of cationic Gemini 
surfactants B3. 
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Figure  10. Effect of B1, B2 and B3 compound on the cell line MCF-7 and WRL68 using the MTT test. 
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MTT assay 
For the MTT assay, cancer cells (100 µl, 1.5 × 10^5 cells/ml) were 
inoculated into a 96-well microtiter plate. The plate was incubated 
overnight in a CO2 incubator to allow cell attachment. 
Subsequently, 100 µl of the test substance, diluted into desired 
concentrations from the stock with media, was added to each well 
containing the cells. The plates were then incubated at 37°C with 
an internal atmosphere of 5% CO2. After a 48-hour treatment 
period, 20 µl of MTT reagent was added to each well and 
incubated for 4 hours. Following this incubation, 50 µl of MTT 
lysis solution (DMSO) was added to each well. The plates were 
further incubated for 5 minutes in a CO2 incubator. Finally, the 
plates were read at 570 and 620 nm wavelengths using a 
monochromator-based multimode microplate reader (Tecan 
Infinite M1000 PRO). The data were recorded and analyzed to 
assess the effects of the test substance on cell viability and growth 
inhibition. The percentage of growth inhibition was calculated 
from the optical density (OD) obtained from the MTT assay. 
 
3. Results and Discussion 
FTIR Spectra 
The FTIR test results for the compound B1 are shown in Figure 1. 
The analysis showed that the synthetic product was the intended 
product because the vibration peak of -OH is 3396.76 cm-1, the 
adsorption peak at 2938.27 cm-1 might be attributed to the 
asymmetric vibration of the CH2 group, the peak of flexural 
vibration of C-H is 1469.23 cm-1, the stretching band of C-O is 
1216.3 cm-1, the peak of C-N+ is 1049.17 cm-1, the peak of C=O is 
1737 (A. Setyawati et al., 2017). 
The FTIR spectrum of the chemical B2 is shown in Figure 2. 
However, they were found for symmetric bending of CH3 at 
1315.42 cm-1, CH2 at 1470.30 cm-1, and -(CH2)n- rock at 755.85 cm-

1. They were also found for C-O stretching at 1191.63 cm-1, C-N+ at 
1041.29 cm-1, C=O at 1736.34 cm-1, and C=C at 1581.26 cm-1. As 
can be seen, the vibration peak is 3308.77 cm-1 (A. Setyawati et al., 
2017). 
Figure 3 shows the characteristic bands for the alkyl part of 
compound B3 at 2857.19 cm-1 for asymmetric stretching and 
2926.00 cm-1 for symmetric stretching (CH), respectively. 
Asymmetric bending (CH3) at 1308.65 cm-1, symmetric bending 
(CH2) at 1446.58  cm-1, and symmetric bending (CH2)n-rock at 
753.98  cm-1 were, nevertheless, found. Stretching bands for the 
elements C-O, C-N+, C=O, and C=C measured 1247.82 cm-1, 
1152.54 cm-1, 1718.31 cm-1, and 1581.26 cm-1, respectively; OH 
stretching measured 3428.10 cm-1. The FTIR spectra of the 
synthesized molecule supported the predicted functional groups 
(A. Setyawati et al., 2017; S.H. Kadhim et al., 2022). 
1H-NMR Spectra 

Figure 4 shows the outcomes of the generated B1 compound's 1H-
NMR test.  
1H-NMR (CDCl3): 0.87–0.93 (t, 6H, (CH3)2); 1.19–1.46 (m, 26H, 
(CH2)12–(CH)2); 1.79 (t, 4H, (O- CH2)2); 2.09 (t, 4H, CH2 CH2); 
4.36 (s, 2H, (OH)2); 6.33–7.99 (m, 8H, Ar-H). It might be that the 
synthetic product was the target product by examining the relative 
areas of absorption peaks and peak positions of relative hydrogen 
atoms (S. Tang et al., 2022). 
The 1H-NMR spectra of B3 Figure 5 demonstrated the occurrence 
of distinctive signals at 0.84-0.92(t, 4H, (O- CH2)2), 1.21-1.57 (m, 
20H, (CH2)10), 1.75(s, 2H, (CH)2), 3.5 (m, 30H, (CH2)12-( CH3)2, 
4.8(s, 2H, (OH)2,6.3-7.8(m, 8H, Ar-H) (A. El Khetabi  et al., 2020). 
Mass Spectra 
The mass spectrum of compounds B1, B2, and B3 was analyzed. The 
molecular ion peak and isotope band appear in Figure 6, 7, 8. 
Critical Micelle Concentration 
The critical micelles concentration was evaluated for prepared 
surfactant at different concentrations (0.1-1) ×10-4 M. The 
electrical conductivity values were measured at 25°C, and the 
specific conductivity values were calculated by the equation (1). 
The critical micelles concentration (CMC) was calculated by 
plotting the conductivity with concentration, as shown in Figure 9. 
The CMC decreased with an increase in chain length and 
decreased with an increase in the polarity of compounds, with the 
order of compounds being B1 > B2 > B3 (A. Shadloo et al., 2022). 

 (1) 
Where, L =specific conductance, G=electrical conductivity, and A 
= cell constant. 
 
Figure 9 illustrated the correlation between conductivity and 
concentration. With an increase in concentration, a greater 
number of amphiphilic molecules were introduced into the 
solution, resulting in a linear growth of conductivity until reaching 
the critical micelles concentration point (CMC). The substantial 
rise in conductivity was attributed to the liberation of additional 
free ions into the solution. 
Anti-cancer properties of Cationic Gemini surfactant compounds  
In this research, we utilized the MTT cytotoxicity assay to evaluate 
the toxicity of three water-soluble surfactant compounds on MCF-
7 breast cancer cells (MSS Khan et al., 2016). Cell suspensions, 
ranging in concentration from 1×10^4 to 1×10^5 cells, were 
cultured in 96-well plates with a final volume of 200 micrometers 
of complete culture medium for each layer. After incubating at 
37°C with 5 percent CO2 for 24 hours, we tested the cytotoxicity 
of Isatin compounds on breast cancer cells, specifically MCF-7. 
For the B1 compound, we observed inhibition rates of 72.1%, 
62.35%, 50.66%, 36.8%, and 22.5% at concentrations of 400, 200, 
100, 50, and 25µg mL-1, respectively. Testing on the normal cell 
line WRL68 indicated inhibition rates ranging from 26.8% to 4.3% 
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at doses of 25 - 400µg mL-1 (Table 3). The IC50 calculation 
revealed a significant difference between the treatment of normal 
WRL68 (142.0µg mL-1) and MCF-7 cancer cells with the B1 
compound (33.5 µg mL-1). 
For the B2 compound, we observed inhibition rates of 49.12%, 
36.58%, 25.0%, 11.3%, and 5.4% at 400, 200, 100, 50, and 25 µg 
mL-1 concentrations, respectively. Testing on the normal cell line 
WRL68 indicated inhibition rates ranging from 36.2% to 5.7% at 2 
- 400 µg mL-1 concentrations. The IC50 calculation revealed 
substantial differences between the treatment of normal WRL68 
(149.4 µg mL-1) and MCF-7 cancer cells with the B2 compound 
(142.8 µg mL-1). 
For the B3 compound, inhibition rates of 34.1%, 24.5%, 13.4%, 
5.8%, and 4.1% were observed at 400, 200, 100, 50, and 25 µg mL-1 
concentrations, respectively. Testing on the normal cell line 
WRL68 indicated inhibition rates ranging from 32% to 4.7% at 25-
400 µg mL-1 concentrations. The IC50 calculation revealed 
substantial differences between the treatment of normal WRL68 
(804.0 µg mL-1) and MCF -7 cancer cells with the B3 compound 
(165.6 µg mL-1) (Figure 10) 
 
4. Conclusion 
In conclusion, three cationic Gemini surfactants with C4, C6, or 
C8 alkyl chains, oxygen as a spacer, and a hydroxyethyl group 
linked to the positively charged nitrogen atoms are investigated for 
self-aggregation, biodegradability, and cytotoxicity against the 
human breast cancer cells. Compound B1 showed strong potential 
against cancer, performing better than B2 and B3. It inhibited 
cancer cell growth by a notable amount, ranging from 22.5% to 
72.1%. Taken together, these results provide useful information 
for designing and testing Gemini surfactants as possible 
treatments for cancer. 
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