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Abstract 

The synthesis of new Gemini surfactants was carried out in two stages in the present research. Initially Diethylenetriamine 

was converted into amides by using myristic acid, lauric acid, palmitic acid and stearic acid followed the reaction with 

1,2,7,8-Diepoxyoctane to form the targeted Gemini surfactants. The presences of functional groups were determined by FTIR 

spectra. The surface morphology of synthesized surfactants is characterised by scanning electron microscopy. Surface 

Tension measurements are used to determine the critical micelle concentration (cmc), the maximum surface excess 

concentration (ᴦmax), minimum area per molecule (Amin) at air /water interface, Gibbs free energy of adsorption, (∆Gads) and 

other parameters. The inhibition of gemini surfactants on the corrosion of carbon steel (CS) in 1N H2SO4 aqueous solution 

was studied at 30
°
C by weight loss method. Performance tests like foaming power and stability, emulsifying ability, wetting 

power, dispersion capability, contact angle with respect to glass, steel and teflon probe were studied. Within the same 

homologues series, expected decrease in critical micelle concentration (cmc) with the increase in hydrophobicity was 

observed. The cmc values of the gemini surfactant were found to be remarkably low. The results show that foaming power, 

foaming stability, dispersion power and emulsifying ability are very good. The wetting power of synthesized surfactants is 

quite better. The synthesized surfactant may be used as emulsifier, dispersing agent and corrosion inhibitor for carbon steel 

in acidic medium. 

 
Keywords: Gemini Surfactant, Synthesis, FTIR, SEM, Surface Activities, Performance Properties, Corrosion Inhibition, 

Contact Angle Measurment. 
 

Introduction 

Surfactants are well known chemical generally described as 

compounds bearing a hydrophobic and hydrophilic group per 

molecule. They are referred to as surface active agents that 

lower surface tension and they may act as emulsifier, 

dispersants, solubilizing agent and detergents in the field of 

textile treatment, cosmetic, industrial and personal cleaning 

operation
1
. Today, new surfactants should be safer, milder and 

efficient with a minimal impact on the environment. 

Environmental awareness and protection have led to the 

development of more environmentally benign surfactant. There 

is trend toward replacing petrochemicals by renewable raw 

materials
2
. 

 
Gemini surfactant (GS) represent a new class of surfactant made 

up of two identical or different amphiphilic moieties having the 

structure of conventional surfactants connected by a spacer 

group
3
. The gemini surfactants have the low critical micelle 

concentration (cmc), high efficiency of reducing the surface 

tension of water, interesting rheological properties and 

unexpected but remarkable micellar shape
4
. Gemini surfactant is 

very attractive for catalysis and adsorption applications, 

biotechnology, nanoscale technology and enhanced oil recovery. 

They also have good emulsifying behaviour when compared 

with the conventional surfactants. They are also applicable in 

the gene therapy and textile industry
1
. These advantages of 

gemini surfactants reduces the over dependence and excessive 

consumption of conventional surfactant and are considered 

environment friendly. Due to high molecular weight, skin 

penetration of gemini surfactant is expected to be low, which is 

one of the desirable properties of a surfactant to be used in body 

care products such as shampoos, soaps and cosmetics
2
. 

 

There are several research publications on synthesis of non-

ionic Gemini surfactants and their potential applications. 

Urszula Laska et al have prepared novel glucose based non-

ionic Gemini surfactants by using a 1,1’-ethylenebisurea spacer 

and studied thermotropic behaviour and biological properties
5
.  

 

A. S. El- Tabei and M. A. Hegazy synthesized non-ionic Gemini 

surfactant from dodecyl benzene and 1,6-diaminhexane and 

used as corrosion inhibitor for carbon steel in acidic medium
6
. 

Aratani et al have synthesized Gemini surfactants from tartaric 

acid and studied physicochemical properties
7
. 
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 In the present research work, Gemini surfactant using 

diethylenetriamine as source of hydrophilic head group and four 

different fatty acid namely stearic acid, myristic acid, palmitic 

acid and lauric acid as source of hydrophobic tail has been 

synthesized. Synthesis involved initial conversion of 

diethylenetriamine into fatty diethylenetriamide which were 

dimerised using 1,2,7,8-diepoxyoctane. The prepared non-ionic 

Gemini surfactant was characterized and physicochemical 

properties and anticorrosion behaviour were studied in detail. 

 

Materials and Methods 

Materials and Equipment Setup: The chemicals required for 

the experiment and fatty acid viz. lauric acid (99%), palmitic 

acid (99%), myristic acid (99%), stearic acid (65-88%), 

diethylenetriamine (98%), methanol were purchased as per the 

required grades from S. D. fine chemicals, Mumbai. The 

paraffin oil, ethanol, sodium stearate were purchased as per the 

required grades from Merck specialities private limited, 

Mumbai. The 1,2,7,8-diepoxide octane was purchased from 

sigma Aldrich. Infrared (IR) spectra were obtained by 

SHIMADZU FTIR 8400 in the 400-4000 cm
-1 

range using KBr 

pellets. 

 

Experimental Methodology: Step 1: Synthesis of 4, 5-

Dihydroimidazoline derivatives: The experiment was set up in 

a three necked round bottom flask (250 ml) equipped with 

motor stirrer, condenser and a thermometer. Diethylenetriamine 

was reacted with four different fatty acid namely lauric acid, 

palmitic acid, myristic acid and stearic acid in 1:1 mole ratio at 

140
 °

C for 1 hour using a Dean and Stark trap to produce the 

corresponding amides. Then, reaction mixtures were continuous 

heating at 190
 º

C for 3.5 hours which result in cyclization of 

each amide to the corresponding 4,5-dihydroimidazolines. Oil 

bath is used to maintain constant temperature. The progresses of 

reactions were monitored by determining acid values at time 

interval of 30 minutes till get constant acid value
8
. 

 

Step-2: Synthesis of non-ionic Gemini surfactants from 4, 5-

Dihydroimidazoline derivative and 1,2,7,8 -Diepoxide 
Octane: Lauryl 4,5-dihydroimidazoline, stearyl 4,5-

dihydroimizoline, palmityl 4,5-dihydroimidazoline, myristyl 

4,5-dihydroimidazoline were reacted with 1,2,7,8-

diepoxideoctane in 250ml multi necked round bottom flasks 

equipped with reflux condenser in presence of catalyst KOH 

(0.2%) in 150ml ethanol at 80
°
C. After 30 minute amide had 

dissolved. The reaction mixtures were stirred for 24hours. The 

product isolation was done by evaporation of solvent under 

reduced pressure. The mole ratio of fatty 4,5-

dihydroimidazoline and 1,2,7,8-diepoxideoctane was 2:1. 

respectively
9,10

. Reaction Scheme for synthesis of of 4,5-

Dihydroimazoline based non-ionic Gemini surfactants as shown 

in figure-1. 

 

 
Figure-1 

Reaction Scheme for synthesis of of 4, 5-Dihydroimazoline based non-ionic Gemini surfactants 
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Evaluation Methods of Surfactants Properties: R= C11H23 

[Lauryl 4,5-dihydroimidazoline based Gemini Surfactant 

(GSLDIE)], R=C13H27 [Myristyl 4,5-dihydroimidazoline based 

Gemini Surfactant (GSMDIE)], R= C15H31 [Palmityl 4,5-

dihydroimidazoline based Gemini Surfactant (GSPDIE)], R= 

C17H35 [Stearic 4,5-dihydroimidazoline based Gemini Surfactant 

(GSODIE)]. 

 

Surface Tension: The surface tensions of aqueous solution of 

different concentrations of surfactants were measured using Du 

Nouy Tensiometer equipped with platinum-iridium ring at 30
°
C. 

The tensiometer was calibrated using doubly distilled water
11

. 

 
Foaming Ability: Foaming power and stability of different 

concentrations of aqueous solution of Gemini surfactant were 

studied according to DIN-53902-1 method
12

. The aqueous 

solution of Gemini surfactant (200 ml) was poured into a 1 litre 

graduated measuring cylinder. The solution was beaten with a 

frequency of 60 beats per minutes. The foam produced was 

measured after 30 second (foaming power) and after 300 second 

(foaming stability).  

 

Emulsification power: The emulsifying ability of the aqueous 

solutions of surfactants were determined for the systems of 

cyclohexane/water, cotton seed oil/water, sunflower oil/water, 

palm oil/water and liquid paraffin/water at room temperature 

(30
°
C). The five 100mL stoppered graduated measuring 

cylinders were charged with 20 ml of aqueous solutions (0.1 ± 

0.01 wt %) of the surfactants. Then in each cylinder 20 ml of 

cyclohexane, sunflower oil, cotton seed oil, palm oil and liquid 

paraffin were poured separately through the side of its wall. The 

cylinders were turned upside down for a total of five times at a 

rate of five turns per 1 min. Then the cylinders were left to 

stand. The time required to separate 18 ml of aqueous phase in 

each cylinder was recorded
13

. 

 
Wetting power: The wetting power of the different 

concentrations of surfactants solution in distilled water was 

determined using the canvas disc method
13

. The time for a 

canvas wafer from immersion to starting to sink in the surfactant 

solution was measured. 

 

Dispersing Capability: Aqueous solution of the surfactants 

(0.25 wt%) were prepared. Then 5 mL of aqueous solution of 

sodium stearate (0.5 wt %) and 10 mL of ‘‘hard water’’ were 

mixed in a 100mL stoppered graduated measuring cylinder. A 

certain amounts of the aqueous solution of surfactants (0.25 

wt%) were added to the cylinder. The cylinder was turned 

upside down for a total of 20 times at a rate of 1 turn per 30 s. 

Increase the amount of aqueous solution of surfactants gradually 

until the coagulation in the cylinder had disappeared. At that 

time the added amount of surfactant solution was recorded
14

. 

 

Lime-Soap Dispersion Requirement (LSDR)  

Where  is the quantity of surfactant solution (mL) and  is 

the quantity of sodium stearate solution (5 mL). 

 

Corrosion Measurement: The Corrosion Measurement was 

performed on carbon steel of the following composition: 1.47% 

C, 0.20% N, 0.27% O, 0.09% Na, 0.09% Mg, 0.08% Si, 0.05 

Ca, 0.85% Fe. Rectangular specimens of C-steel with 

dimensions 1.0 cm x 1.0 cm x 0.07 cm were abraded with 220, 

400 grades of emery paper and degreased with acetone, rinsed 

with distilled water two times and dried between filter paper. 

After weighing accurately, the carbon steel specimens were 

immersed in 100 ml of 1N H2SO4 aqueous solution with and 

without different concentration of surfactants at 30
°
C. After 24 

hour, the C-steel samples were taken out, washed with distilled 

water then dried and weighted accurately
15

. 

 

Contact angle Measurement: The Contact angle of surfactants 

aqueous solution were measured using Kruss conact angle 

measuring instrument at 30
°
C 

13
. 

 

Results and Discussion 

Characterization: FTIR Spectroscopy: The FTIR spectra of 

synthesized Gemini surfactants (a) GSLDIE, (b) GSMDIE, (c) 

GSPDIE, (d) GSSDIE assigned for observed peaks as shown in 

Figure-2. It shows absorption band at 3427cm
-1

-3577cm
-1

 (O-H 

stretching in hydroxyl group), 2850cm
-1

-2930cm
-1

 (C-H 

asymmetric and symmetric stretching in methyl and methylene), 

1103cm
-1

-1126cm
-1

 (-C-N stretching), 1030cm
-1

-1288cm
-1

 (C-O 

stretching), 3264cm
-1

-3300cm
-1

 (N-H stretching in aliphatic 

amine), 713cm
-1 

-723 cm
-1

 for (- (CH2)n- skeletal), 1631cm
-1

-

1645cm
-1

 (N-H bend in aliphatic amine)
16

. 

 

Scanning Electron Microscopy (SEM): The Scanning Electron 

Microscopy is used for determining the surface morphology of 

synthesize compounds. In addition it provides information that 

will aid in the interpretation of obtained results. Surface 

morphology of the GSLDIE (a), GSMDIE (b), GSPDIE (c), 

GSSDIE (d) are shown in figure-3. Based on SEM, morphology 

of synthesized compounds are indefinite in shape. The surface 

morphology of substances depends upon various factors like 

solubilization of material, concentration, hydrophilic head 

group, hydrophilic tail, nature of spacer, temperature and ionic 

strength
17

. 

 

Physicochemical Properties: Surface Activity: Critical 

micelle concentration is most common descriptor of surfactant 

systems. The CMC value is usually determined by plotting 

surface tension versus concentration. As the concentration 

increases, the surface tension decreases until it reaches the 

CMC. Figure-4 shows the variation of surface tension with 

concentration of synthesized Gemini surfactants. In figure-4 the 

break points corresponding to the concentration 0.1113 

mMol/L, 0.1546 mMol/L, 0.2147 mMol/L, 0.2982 mMmol/L 

which represents the CMC of the synthesized Dimeric 

surfactants GSLDIE, GSMDIE, GSPDIE, GSSDIE respectively. 
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Figure-2 

FTIR spectra of 4,5-dihydroimidazoline based non-ionic Gemini surfactants GSLDIE (a), GSMDIE (b), GSPDIE (c), 

GSSDIE (d) 

 

    
Figure-3 

SEM image of the synthesized non-ionic Gemini surfactants 
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Table-1 

Surface actives properties of the synthesized non-ionic Gemini surfactants at 30°C. 

Surfactant

s name 

CMC 

10
-3

 

(mol/

L) 

ϒCMC 

(mN/m) 

πCMC 

(mN/m) 

ᴦmax 10
-

11
 (mol 

cm
-2

) 

Amin 

(cm
2
) 

C20 

10
-3 

(mol/L) 

PC20 

(Mol/

L) 

cmc/C20 
∆Gmic 

(KJ/mol) 

∆Gads 

(KJ/mol) 

GSLDIE 0.1113 26.032 45.768 18.839 88.12 4.1684 5.2373 19.2328 -22.935 -30.3850 

GSMDIE 0.1546 28.917 42.883 15.176 109.39 3.0012 5.5226 51.5213 -22.108 -32.0403 

GSPDIE 0.2147 30.342 41.458 15.221 109.03 3.0012 5.5227 71.5635 -21.281 -32.0404 

GSSDIE 0.2982 31.829 39.971 14.447 114.91 4.1684 5.3800 71.5619 -20.452 -31.2126 

 

Surface tension of water (71.18 mN/m at 30°C) is generally 

reduced to a value 30-40 mN/m at the critical micelle 

concentration of surfactant
18

. Gemini surfactant is superior over 

monomericl surfactant in term of surface activity. This is due to 

the distortion of water by hydrophobic groups. In Gemini 

surfactant two hydrophobic groups in single molecules are more 

disruptive than individual chain in conventional surfactant. All 

the synthesized Gemini surfactants have small values of CMC 

as shown in the table-1. 

 

Critical micelle concentration and surface tension increases with 

increasing the alkyl chain length. As shown in table-1 surface 

tension and CMC value increases with increasing the fatty chain 

length of the synthesized Gemini surfactant from C12-C18. 

Effectiveness is the difference between the surface tension 

values measured for pure water at the appropriate temperature 

(ϒ0) and surface tension values at CMC (ϒCMC). The most 

effective surfactant is that which gives the greatest lowering of 

surface tension for given CMC. From table it is noted that 

GSLDIE (45.768mN/m) gave the most effectiveness. 

 

The efficiency of surfactant is the value of logarithm of the 

surfactant concentration C20 at which the surface tension of 

water is reduced by 20 mNm
-1 19

. The PC20 (-log C20) value 

measures the efficiency of adsorption of surfactant at the 

air/water interface. From the values of PC20 of compounds listed 

in table-2 it was showed that the efficiency of adsorption is not 

significantly affected by the chain length of the hydrophobic 

alkyl group. 

 

Minimum surface area per molecule at air/water interface (Amin) 

is calculated from surface excess concentration values (Гmax), by 

Gibbs adsorption isotherm equation
20

. As shown in table-1, Amin 

values were observed to increase and Гmax values observed to 

decrease when alkyl chain length of gemini surfactants 

increased from C12 to C18. 

 

The negative values of (∆G)mic and ∆Gads mean that gemini 

surfactants have capacity to form micelle in solution and to 

adsorb at the air /water interface. The change in the values of 

both (∆G)mic and (∆G)ads said that the driving force of 

micellization or adsorption is produced from the hydrophobic 

group due to the interaction between hydrocarbon chain
21

. 

 
Performance Properties: Among the performance properties 

we have studied foaming power and stability, emulsifying 

capability, wetting ability, dispersion capability of the products 

at different concentrations. 

 
Foaming Power and Stability: The formation and stability of 

foams is importance for variety of practical applications such as 

in detergent formulations or mineral flotation
22

. The surface 

active substances have ability to promote the formation of foam 

and bubbles in aqueous solution. The gas is dispersed in the 

liquid to form the foam which is a thermodynamically unstable 

system. Surfactant decreases the interfacial tension between the 

gas and liquid to give stability to foam. The foam produced 

from synthesized Gemini surfactant has thicker nature with 

small bubbles. 

 

The foaming capacity of surfactant solution depends 

significantly on the surface tension. The foaming power and 

stability of all these prepared compounds was good. However, 

decreases in foam height after five minut have been observed in 

all the compounds. With increasing fatty chain length from C12 

to C18, foam stability become stronger as shown in table-2. The 

foaming capacity and stability of GSLDIE is higher than all the 

synthesized Gemini surfactants as foaming capacity varies with 

alkyl chain length; shorter is the alkyl chain length, higher is the 

foaming capacity. The variation of foaming power (a) and 

foaming stability (b) with concentration are shown in figure-5. It 

shows that foaming power and stability is depending on 

concentration of synthesized surfactant and it increases with 

concentration. 
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Figure-4 

Variation of surface tension versus log C of synthesized Gemini surfactants at 30°C. 

 

Table-2 

Foaming power and foaming stability of different concentration of synthesized Gemini surfactant at 32°C 

Concentration of 

Surfactants (%) 

Foaming Power (ml) Foaming Stability (ml) 

GSLDIE GSMDIE GSPDIE GSSDIE GSLDIE GSMDIE GSPDIE GSSDIE 

0.1 64 58 54 49 54 51 49 46 

0.2 81 72 68 59 74 67 64 57 

0.3 111 102 96 89 99 91 89 87 

 

       
Figure-5 

Variation of (a) foaming power (b) foaming stability of synthesized Gemini surfactants with concentrations at 32°C 
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Emulsifying Ability: Emulsifier stabilized the emulsions by 

adsorbing at the liquid-liquid interface. This decreases the free 

energy obtained from the great increase in the interfacial area 

between the two phases and reduces the interfacial tension. The 

emulsifier decreases the rate of coalescence of the emulsified 

drop by forming the mechanical steric and electrical barriers 

around them
23

. The adsorption effect of the oil-water surface in 

the emulsion o/w is determined by the degree to which 

hydrophobic groups damage the structure of water phase and the 

adsorption effect decreases with the increase in the length of the 

hydrophobic chain. Table-3 shows the results of the emulsifying 

abilities of the surfactants in the systems of cyclohexane/water, 

cotton seed oil/water, liquid paraffin/water sunflower oil/water 

and palm oil/water at room temperature (32
°
C). As shown here, 

the emulsifying ability of GSSDIE is the best among the four 

surfactants and the relatively segregation time for GSSDIE is 

higher than 59 minutes except for cyclohexane. The GSSDIE 

has better emulsifying ability and may have capacity to involve 

in emulsion polymerization as the emulsifier. The GSMDIE has 

an better emulsifying ability for sunflower oil/water system. 

 

Wetting Ability: Wetting behaviours of synthesized product 

using the canvas disc method were studied. The time required 

for canvas disc to sink in surfactant solution is measured as 

wetting time. According to Draves, the shorter the wetting time 

more efficient is the surfactant wetting ability
24

. The result of 

the wetting ability of aqueous solution of surfactants is shown in 

Table-4.  

 

At the solid–liquid and liquid–gas interface, surfactant can 

adsorb when it is added to the solution. Due to the hydration of 

surfactant, adsorption leads to the solid surface wetting. The 

variations of wetting times versus surfactants concentration for 

synthesized surfactant are shown in Figure-6. As shown here, 

the wetting abilities of these four surfactants follow the order: 

GSLDIE> GSMDIE> GSPDIE> GSSDIE. The alkyl chain 

length of the surfactants influences the wetting power. Short 

alkyl chain length of synthesized surfactant show good wetting 

power than higher alkyl chain length. This may be due to 

number of molecules of Gemini surfactants with shorter 

hydrophobic alkyl chains arranged at the interface is higher than 

that of the Gemini surfactant with longer hydrophobic alkyl 

chains. 

 

Dispersing Capability: Agglomerate solid particle is dispersed 

by addition of surfactant and this is called dispensability. 

Generally, dispensability is measured by its lime-soap 

dispersion ability. Results of lime-soap dispersion abilities of 

GSLDIE, GSMDIE, GSPDIE and GSSDIE as shown in Table-

5. The smaller the LSDR %, the better is the dispersibility
13

. 

From Table-5 it was concluded that GSLDIE has better lime-

soap dispersion ability than those of the others. This may be due 

to the number of molecules of Gemini surfactants with shorter 

hydrophobic alkyl chains arranged at the interface is more than 

that of the Gemini surfactant with longer hydrophobic alkyl 

chains and forms a large steric hindrance. As shown here, the 

dispersion ability of synthesized surfactants follow the order: 

GSLDIE > GSMDIE > GSPDIE > GSSDIE. 

 

Table-3 

Emulsifying ability of synthesized Gemini surfactants (0.1%) at Cyclohexane/water, Sunflower oil/water, Liquid 

paraffin/water, Palm oil/water and Cottonseed oil/water system at 32°C 

Sr. 

No. 

Surfactant 

Name (0.1%) 

Relatively Stratification Time in minute 

Cyclohexane / 

water 

Sunflower 

oil/Water 

Palm Oil/ 

water 

Cottonseed Oil / 

Water 

Liquid Paraffin 

Oil / Water 

1 GSLDIE 21 59 36 49 41 

2 GSMDIE 36 68 42 54 50 

3 GSPDIE 39 79 49 61 61 

4 GSSDIE 47 87 59 66 77 

 

Table-4 

Wetting power of different concentration of synthesized Gemini surfactants (%) at 32°C 

Sr. 

No. 

Concentration of 

surfactant (%) 

Wetting Time (Second) 

 GSLDIE GSMDIE GSPDIE GSSDIE 

1 0.1 28 31 33 34 

2 0.2 21 24 27 28 

3 0.3 17 20 23 24 
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Figure-6 

Variation of wetting time with concentrations of synthesized Gemini surfactants at 32°C. 

 

Table-5 

Lime-soap dispersion ability of synthesized non-ionic Gemini surfactants (0.25%) at 32°C 

Sample GSLDIE GSMDIE GSPDIE GSSDIE 

LSDR/% 15 17 18.6 21 

 

Corrosion Inhibition Efficiencies: The corrosion inhibition 

effect of Gemini surfactants on carbon steel (CS) in 1N H2SO 

aqueous solution is studied at different concentrations by weight 

loss method at 30
º
C. The good acid inhibitors are organic 

compounds containing nitrogen, sulphur and oxygen atom. 

Efficient adsorption may be due to the electronegative donor 

atom N, O and Cl, the quaternary ammonium ion or π-electron 

of the aromatic system. The use of surfactant as corrosion 

inhibitors has many advantages such as high inhibition 

efficiency, low toxicity, low price and easy production
25

. 

 

The corrosion rate (K) was calculated by using the following 

equation
26

 

K  

 

Where W is the average weight loss of three parallel carbon 

steel sheets, S is the area of the specimen and t is the immersion 

time. The inhibition efficiency (ηw%) and surface coverage (θ) 

of synthesized inhibitors was calculated using the following 

equation
27

 

ηw% x 100 

 

Where K
0
 and K are the values of the corrosion rate without and 

with addition of inhibitor, respectively.  

θ  

 

The corrosion inhibition mechanism of inhibitor depends on 

their capacity to adsorb on the corroding surface, forming a 

protective layer, therefore critical micelle concentration (cmc) 

may be consider a key factor in determining the effectiveness of 

surfactants as corrosion inhibitors
28

. Below the cmc, increasing 

the surfactant concentration, the surfactant molecule tends to 

adsorbed on the metal surface which causes to increase the 

inhibition efficiency of the surfactant. 

 

The corrosion parameters namely inhibition efficiency (ηw%), 

corrosion rate (K) and surface coverage (θ) of synthesized 

surfactants at different concentration in 1 N H2SO4 aqueous 

solution at 30
°
C are listed in tables 6. From table-6 it is clear 

that inhibition efficiency increased with increasing the number 

of repeated methylene group in the hydrophobic chain and the 

concentration of synthesized inhibitors. 

 

The negative value of ∆Gads means that the adsorption of the 

prepared inhibitor on carbon steel surface is a spontaneous 

process and also shows a strong interaction of the inhibitor 

molecules onto the carbon steel surface
29

. 
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Table-6 

Weight loss result of carbon steel corrosion for different concentrations of the synthesized Gemini surfactants at 30°C in 1N 

H2SO4 aqueous solution for 24 hrs 

Compounds 

Name 
Concentration of inhibitor (%) Corrosion Rate (K) Surface Coverage (θ) Inhibition Efficiency (ηw%) 

GSLDIE 0.1 0.102 0.940828402 94.08284024 

 
0.05 0.0032 0.810650888 81.06508876 

 
0.025 0.0038 0.775147929 77.5147929 

GSMDIE 0.1 0.0816 0.962662722 96.26627219 

 
0.05 0.0026 0.846153846 84.61538462 

 
0.025 0.0036 0.786982249 78.69822485 

GSPDIE 0.1 0.0612 0.964497041 96.44970414 

 
0.05 0.0020 0.881656805 88.16568047 

 
0.025 0.0032 0.810650888 81.06508876 

GSSDIE 0.1 0.0408 0.976331361 97.63313609 

 
0.05 0.00122 0.928994083 92.89940828 

 
0.025 0.0017 0.846153846 84.61538462 

 

Generally, value of ∆Gads around -20KJ/Mol or lower are due to 

the electrostatics interactions between the charged metal and 

charged molecules (physisorption) and those more negative than 

-40KJ/Mol are due to the transfer or charge sharing from the 

inhibitor molecules to the metal surface to form a coordinate 

type of bond (chemisorptions)
30

. The calculated value of ∆Gads 

suggesting that the adsorption mechanism of the synthesized 

Gemini surfactants on carbon steel in 1N H2SO4 aqueous 

solution is a physical adsorption. 

 

The high value of Гmax indicates that more molecules are 

adsorbed on the metal surface, which implies close packing of 

the adsorbed molecules leading to more electrostatics 

interaction of the well packed adsorbed layer and more 

homogenous adsorbed film. Figure-7 represents the variation of 

the inhibiter concentration with inhibition efficiency of the 

prepared surfactants. It is clear that the inhibition efficiency 

increased with increasing concentration of synthesized non-

ionic Gemini surfactants. 

 

Contact Angle Measurement: The contact angles of glass 

probe, steel probe and teflon probe against diluted surfactants 

solutions (2 mMol/L) were determined as shown in table-8. All 

these surfactants have contact angle lower for teflon probe than 

those obtained for pure water. GSLDIE and GSMDIE have 

contact angle also smaller for steel and teflon probe than pure 

water. Smaller the contact angle better is the wetting power
19

. 

Table-8 shows that GSLDIE and GSMDIE possesses wetting 

property with respect to steel and teflon at 2mMol/L 

concentration. The GSLDIE shows more wetting property for 

steel and teflon probe than other synthesized Gemini surfactant. 

It may be due to the presence of short alkyl chain than other 

synthesized surfactant. GSPDE and GSSDIE have higher 

contact angle for glass and steel probe than pure water and 

therefore these compounds not have wetting behaviour with 

respect to glass and steel probe. 

 

Conclusion 

The 4, 5-dihydroimidazoline based non-ionic Gemini surfactant 

have been synthesized by using, 1,2,7,8-diepoxydeoctane as 

spacer which have good Micelle forming property and ability to 

lower the surface tension. The synthesized compounds have 

very good inhibition efficiency due to the presence of atoms 

such as nitrogen and oxygen. The performance properties like 

dispersion capability, emulsifying power were better. The 

synthesized Gemini surfactants exhibited very good foaming 

and wetting behaviour. These surfactants appear to be a useful 

and valuable. It may be used as corrosion inhibitor, foaming 

agent, an emulsifier, wetting agent, dispersing agent. 
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Figure-7 

Variation of inhibition efficiency with concentration of synthesized surfactants at 30
°
C 

 

Table 8 

The contact angle measurement of synthesized non-ionic gemini surfactant (2mMol/L) with respect to different solid probes. 

Sample Name 
Contact Angle with respect to 

Glass Probe Steel Probe Teflon Probe 

Water 30
°
 75

º
 98

°
 

GSLDIE 49
º
 59

°
 39

º
 

GSMDIE 53
º
 64

°
 44

º
 

GSPDIE 62
°
 79

º
 47

°
 

GSSDIE 64
º
 70

°
 49

°
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