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Abstract 

The viability of formulating a novel reverse microemulsion with a biocompatible nonionic surfactant and 

nontoxic oils has been revealed. Oil soluble nonionic pentaoxyethylene (5) nonylphenyl ether (Igepal CO-

520) as surfactant and caprylic acid (CA), oleic acid (OA), isoamyl acetate (IAA) and isopropyl myristate 

(IPM) are used as oil phase. Ethanol, propanol and diethylene glycol monoethyl ether (carbitol) are 

incorporated as co-surfactants. Igepal CO-520 is solubilized in oil phase and ternary/pseudoternary phase 

diagrams are created by titration with water and the effect of various co-surfactants, oils, and the mixing ratio 

of surfactant/co-surfactant (Smix = 1:2, 1:1 and 2:1) on the microemulsion region is systematically 

investigated. In the absence of co-surfactants, Igepal CO-520 forms clear and stable microemulsion with all 

the oils, but greater microemulsion area is perceived only with IPM and the samples are slightly viscous. 

This microemulsion region of IPM is further increased in the presence of carbitol co-surfactant and the 

samples are clear, stable, and non-viscous. The electrical conductivity and viscosity measurements are made 

to examine the microstructural changes within the microemulsion region. Three dissimilar phases such as oil 

in water (o/w), bicontinuous (BC) and water in oil (w/o) microemulsion are observed. Dynamic light 

scattering (DLS) is used to study the droplet size of microemulsion samples. We primarily focused on 

microemulsion formation and understanding its kinetic and thermal stability. Furthermore, the 

microemulsion depicts remarkable encapsulation ability for vitamin E (α-tocopherol). The results obtained 

in this study have great potential for applications of this microemulsion in personal care, food and 

pharmaceutical products. 
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Introduction 

Microemulsions are isotropic liquid of oil and water frequently stabilized by surfactants and co-

surfactants. They have attracted a great deal of attention due to their exclusive properties like ultra-low 

interfacial tension, nano-sized droplets (<100 nm), transparency, extraordinary stability, and ease of 

formation1-4. Due to these, microemulsions have been used to encapsulate and deliver water-insoluble active 

ingredients in the pharmaceutical5-7, food8-10, and agrochemical industries11-13. Also, they have also been 

utilized as colloidal delivery systems for biological active ingredients like fat-soluble vitamins, nutraceuticals 

and drugs14,15. While there are numerous uses of microemulsion, there are notable challenges related to their 

applications. The crucial challenge is the usage of some conventional artificial surfactants that can cause 

adverse effects when used for the formulation of microemulsions. Many of the effective surfactants and/or 

cosurfactants do not have a pharmaceutically acceptable toxicity profile. Also, high concentration of 

surfactant is requisite for the formation of microemulsion which makes it expensive. Moreover, occurrence 

of toxic, flammable and other volatile organic solvents in the oil phase of microemulsion imposes the safety 

measures. Hence, it is the requirement of green chemistry and engineering to formulate microemulsion 

systems by choosing appropriate biocompatible surfactants, and renewable nontoxic oils.  Igepal is 

polyoxyethylene based nonionic surfactant series and is extensively used in technical applications either as 

single surfactant or mixed surfactant systems with anionic and cationic surfactants16,17. Igepal CO-520 is 

pentaoxyethylene (5) nonylphenyl ether with oxyethylene chain as hydrophilic and branched alkyl chain as 

hydrophobic moieties in its structure having HLB 10. Igepal is a specially tailored nonylphenyl ether 

compound with significant advantages, making it the optimal choice for a broad spectrum of applications 

like cleansing, emulsifying, and processing. It has been reported that with increasing number of exthoxylated 

groups, the biodegradability of surfactant also increases18. Therefore, utilizing this surfactant over other 

conventional nonionic surfactants for preparing microemulsions using biocompatible oils and co-surfactants 

can be immensely useful. Moreover, the HLB 10 of Igepal CO-520 leads to the formation of reverse (w/o) 

microemulsions. The water molecules solubilized in the core of the reverse microemulsion systems have 

properties different from bulk water. Also, the water in the core of nonionic reverse microemulsions is not 
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perturbed by charges due to the presence of ethylene oxide chain as hydrophilic moiety. This makes reverse 

microemulsions potentially useful in industry and biologically important systems. The preliminary studies 

with Igepal CO-520 reported the water solubilization capacity in the reverse micelles and the factors 

influencing the solubilization17-19. One of the studies also reported the synthesis of lanthanide fluoride 

nanoparticles using Igepal based microemulsion20. Likewise, silica coated magnetite nanoparticles synthesis 

using reverse microemulsion method with Igepal CO-520 has been reported21. However, no study has been 

reported on the formulation of green microemulsion using Igepal CO-520 for wide applications in pharma 

or personal care to the best of our knowledge.  

 In this context, we have made an attempt to formulate microemulsions using Igepal CO-520 as surfactant 

and trigylcerides such as caprylic acid (CA), oleic acid (OA) and carboxylic acid esters like isoamyl acetate 

(IAA) and isopropyl myristate (IPM) as biocompatible oil phase. However, the major challenge in using 

these oils, especially long chain triglycerides is the formation of undesirable phases such as gel or liquid 

crystalline phases during microemulsion formulation22. Hence, to overcome this, we used carbitol and short 

chain alcohols like ethanol and propanol as co-surfactants for creating microemulsion with Igepal CO-520. 

We primarily focused on microemulsion formation and understanding its kinetic and thermal stability. The 

phase diagrams are determined to recognize microemulsion region and appropriate composition. The 

variations in the microstructures of microemulsion are considered using electrical conductivity and viscosity 

measurements. We examined the influence of oils and co-surfactants on the properties of microemulsions. 

We have also explored the encapsulation of vitamin E (α-tocopherol) in the Igepal CO-520 microemulsion 

for greater bioavailability of vitamin E. This study might have repercussions in the designing of reverse 

microemulsions with Igepal CO-520 surfactant expanding the prospect of their applications.  

 

Experimental  

 

2.1 Materials 

Pentaoxyethylene (5) nonylphenyl ether (Igepal CO-520) and vitamin E (> 96%) is purchased from 

Sigma-Aldrich. Isoamyl acetate (> 99%) is from TCI Pvt. Ltd. (Tokyo, Japan). Propanol (> 99%), carbitol 

(97%), isopropyl myristate (95%) and oleic acid (65%) are from HPLC Pvt. Ltd. (Mumbai, India). Caprylic 

acid (> 99%) is obtained from SRL (Mumbai). Ethanol (> 99%) is acquired from HiMedia Laboratories Pvt. 
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Ltd. (Mumbai). The structures of surfactants and oils are shown in Table 1. All the solutions are prepared in 

deionized water and kept for 24 h before any measurements. 

2.2 Methods  

Phase Behavior: Phase behavior studies for microemulsion are performed by constructing ternary 

and pseudoternary phase diagram by the method that is previously reported1. Microemulsion systems were 

prepared by mixing oil with the mixture of surfactant and cosurfactant, and water was added precisely into 

oily phases with magnetic stirring (300 r/min) at 27 °C. Briefly, the surfactant or mixture of surfactant/co-

surfactant (Smix = 1:2, 1:1, and 2:1) are mixed with oil in different proportions keeping the total weight 

constant for ternary and pseudoternary diagrams respectively at 27 °C. These mixtures are then titrated with 

drop-wise addition of water till the solution turns turbid and composition of each of the components is marked 

as end point for determination of microemulsion area. In this study, triglyceride oils such as caprylic acid, 

oleic acid and carboxylic acid esters like isoamyl acetate and isopropyl myristate are used as oil phase. 

Nonionic surfactant Igepal CO-520 is used as surfactant and ethanol, propanol, and carbitol are used as co-

surfactants. All the samples are kept for 24 h at 27 °C to attain equilibrium.  

Conductometry and Viscometry: The electrical conductivity (EC) of microemulsions is measured by a 

conductivity meter from Horiba Japan. Viscosity measurements are performed with Vibro-viscometer (SV-

10 Series, A&D Company, Japan) using the tuning-fork vibration method. The samples are retained at 27 ± 

1 oC for 24 h prior to measurements.  

Dynamic Light Scattering: Micellar sizes are determined into the quartz cell by Zetasizer Nano-ZS, ZEN3600 

from Malvern instruments Ltd at 27 ± 1 oC.  

UV-visible Spectroscopy: UV-visible absorption spectra are recorded with samples in a quartz cuvette (1 

mm), using a Hitachi U-4100, UV-vis double-beam spectrometer. The absorption spectrum is obtained in the 

wavelength range of from 200−500 nm. Pure microemulsion sample without vitamin E is used as reference 

in the UV spectroscopy analysis.  
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Name of Surfactant/Oils 

 

Structure 

 

Pentaoxyethylene (5) 

Nonylphenyl Ether (Igepal CO-

520) 

 

 

 

 

Caprylic Acid (CA) 

 

 

 

Oleic Acid (OA) 

 

 

 

Isoamyl Acetate (IAA) 

 

 

Isopropyl Myristate (IPM) 

CH3 OH

O

 

 

CH3 O CH3

O
CH3

 

 

 

Table 1: Chemical Structure of Surfactant and Oils. 

 

 

Results and Discussion 

 

Phase Behavior 

Figure 1 depicts the ternary phase diagram of water, nonionic surfactant Igepal CO-520 with triglyceride oils 

like caprylic acid (CA), oleic acid (OA) and carboxylic acid esters like isoamyl acetate (IAA) and isopropyl 

myristate (IPM) determining the microemulsion (μE) area as a function of composition at 27 ± 1 oC. The 

mixture of Igepal CO-520 and various oils in different proportions is taken in glass vials at fixed amount and 
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then titrated with water by vigorous stirring till the solution turned turbid. The samples are then observed in 

cross polarized light for determination of monophasic/biphasic system after 24 h. If the samples turned 

translucent or turbid followed by phase seperation, these are assumed biphasic. The clear, transparent 

samples are identified as microemulsion and composition of these solutions are marked as points in phase 

diagram. The total area concealed by these points in ternary phase diagrams is considered as microemulsion 

(μE) region and is shown as shaded area in Figure 1.  

 

 

Figure 1: Ternary phase diagrams of water, Igepal CO-520 with various oils like caprylic acid (CA), 

Oleic acid (OA), Isoamylacetate (IAA), and Isopropyl myristate (IPM) at 27 ± 1 oC. Microemulsion 

(μE) region is shown by shaded area. 

 

Effect of different oils: The effect of different triglyceride oils (CA, and OA) and carboxylic acid ester oils 

(IAA and IPM) on microemulsion area is studied. The microemulsion area obtained for Igepal CO-520 is 

very narrow with triglyceride oils and slightly broader for carboxylic acid esters. This could be due to the 

fact that triglyceride oils, especially long chain OA can form undesirable phases like macroemulsions, liquid 

crystalline phase or spongy phases which lead to decrease in microemulsion area22. Carboxylic acid esters 
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IPM being more lipophilic than IAA could form greater microemulsion region with Igepal CO-520 having 

HLB 10. It is a well-known fact that low HLB value of surfactant leads to formation of water-in-oil (w/o) 

microemulsion region near the oil/surfactant boundary in the ternary phase diagram23 as depicted in Figure 

1. Igepal CO-520 at concentration of 35 wt% in IPM could solubilize 45 wt% of water in the core of the 

reverse micelles and some amount might be present as bulk water leading to the formation of wider 

microemulsion area. This could be due to greater polarity of the IPM which led to solubilization of greater 

amount of water in the core of the reverse micelles24-25. Hence, we have selected IPM as an oil phase for 

further studies. Also, the samples in the microemulsion region with IPM are slightly viscous. This could be 

due to the fact that with increasing water content in the microemulsion system, the number density of the 

reverse micelles increases leading to stronger interactions among the reverse micelles making the samples 

slightly viscous.  

Effect of co-surfactants: In this study, we used several different co-surfactants with Igepal CO-520 

surfactant to understand the effect of co-surfactants on the microemulsion area. Figure 2 depicts the aqueous 

pseudoternary phase diagrams of various co-surfactants ethanol, propanol and carbitol with Igepal CO-520 

at fixed weight ratios of surfactant/co-surfactant (Smix = 1:1) and IPM as oil. Phase diagrams are prepared 

using the same methodology as mentioned above by taking pre-weighed amounts of Smix and oil in different 

ratios at fixed weight and titrating with pure water. Visual inspection is done using cross polarized light to 

determine monophasic/biphasic region. The shaded area in Figure 2 represents the microemulsion (μE) 

region in pseudoternary phase diagram.  

It is found that microemulsion area increased towards the water-rich region in the presence of carbitol as 

compared to ethanol and propanol. This is ascribed to the structure of carbitol which can position in between 

the surfactant tails of the reverse micelles forming mixed adsorption film on the interface and thereby 

increasing the flexibility and fluidity of the interfacial film formed by Igepal CO-520 and carbitol.  This 

resulted in an upsurge of miscibility of an aqueous and organic phase with each other. Thus, greater 

microemulsion region is formed with IPM as oil phase and Smix = 1:1 (Igepal CO-520: carbitol). However, 

microemulsion area of IPM and Igepal CO-520 decrease in the presence of co-surfactants like ethanol and 

propanol. This could be due to the fact that short chain alcohols like ethanol and propanol being more 

hydrophilic are solubilized in the core of the reverse micelles along with water rather than being inserted on 

the interfacial layer leading to reduction in microemulsion area26. Above results indicate that only IPM could 
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form greater microemulsion area. This could be attributed to the compatibility of the IPM with the given 

nonionic Igepal CO-520 as surfactant and carbitol as co-surfactant. 

Additionally, it is observed that in the occurrence of co-surfactant, viscosity of the microemulsion samples 

reduces significantly. The inclusion of co-surfactant causes the reduction in the bending modulus of the 

surfactant film leading to an increase in the elasticity of the surfactant film to curve more readily towards oil 

or water phase. This leads to decrease in viscosity of the microemulsion sample by preventing the formation 

of more rigid structures like liquid crystalline or gel like phases27,28. From these phase behavior studies, we 

selected the combination of Igepal CO-520/carbitol (Smix) and IPM as oil phase which formed the greatest 

microemulsion area for further characterization of microemulsion. 

 

 

Figure 2: Pseudoternary phase diagrams of Igepal CO-520 with different co-surfactants ethanol, 

propanol, and carbitol at fixed surfactant/co-surfactant weight ratios (Smix = 1:1), water and 

isopropyl myristate (IPM) as oil. Microemulsion (μE) region is shown by shaded area. 

 

Effect of surfactant/co-surfactant (Smix) ratio: To explore the effect of surfactant/co-surfactant ratio (Smix) 

on the microemulsion area, we studied the pseudoternary phase behavior of Igepal CO-520/carbitol in 

different mixing ratios of 2:1, 1:1 and 1:2 with IPM as oil phase as represented in Figure 3. It is observed 

that with Igepal CO-520/carbitol in 2:1 ratio, the microemulsion region is very narrow and only limited 

amount of water (62 wt%) could be solubilized in the microemulsion system. This could be due to higher 

content of surfactant leading to formation of smaller microemulsion droplets but would also incorporate more 

amount of oil reducing the solubilization of water in the oil phase causing an imbalance at the interface, 
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consequently resulting in the decreased microemulsion area. The phase diagram depicted an almost similar 

microemulsion region for Smix 1:2. Co-surfactant can exist on the interface layer when added in adequate 

amounts, but higher content of co-surfactant can disrupt the interfacial film between the oil/water interfaces 

leading to demulsification of microemulsions29. Surfactant/co-surfactant ratio of Smix = 1:1 is showing 

optimum ratio with extended microemulsion area and is selected for the complete characterization of the 

microemulsion system. 

 
 

Figure 3: Pseudoternary phase diagrams of Igepal CO-520/carbitol with IPM at Smix 2:1, 1:1 and 1:2 

respectively at 27 oC. Microemulsion (μE) region is shown by shaded area. 

 

All the microemulsion samples obtained from the phase behavior studies are crystal clear, stable and 

depicting low viscosity. These samples are prepared by simply mixing the components at a specific 

composition without any high energy input. The microemulsions formulated from nonionic Igepal CO-520 

are biocompatible, formed spontaneously, posess excellent thermodynamic stability and easy to scale-up. To 

elucidate the structural variations occurring in the microstructures of the microemulsions upon dilution with 

water, characterization techniques like conductivity and viscosity of the samples are performed.  

Microstructural Transition  

Electrical conductivity and viscosity are structure-sensitive properties26,30. Hence, the electrical conductivity 

(EC) and viscosity studies are performed along the dilution line ‘AB’ and ‘AC’ representing the (Smix/oil) in 

9:1 and 8:2 ratios respectively where Igepal CO-520/carbitol (Smix = 1:1) with water content varying from 

10-70 % to determine the structure of microemulsion. 
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Electrical conductivity (EC) measurements: The variation in EC with increasing water content along both 

dilution line ‘AB’ and ‘AC’ is represented in Figure 4a. EC increased gradually from 16 to 75 mS/cm from 

10-30 % water content. The lower EC values for nonionic system indicated the presence of very few and 

discrete reverse micelles existing in continuous non-conducting oily phase and EC values almost similar to 

pure oil. EC amplified linearly to 175 mS/cm with moderate increase in water content from 30-50 %. This 

exemplifies the percolation phenomena of the aqueous phase into network like conducting channel caused 

by the attractive interactions among the water droplets resulting in increased EC31. This indicates transition 

of water-in-oil (w/o) microemulsion to bicontinuous (BC) microemulsion. The EC reached maximum 200 

mS/cm at 70 % water content indicating the existence of oil-in-water (o/w) microemulsion droplets in 

continuous aqueous phase. This increase in EC values with increasing water content is a characteristic of 

microstructure transition from w/o microemulsion – bicontinuous microemulsion – o/w microemulsion.   

Viscosity measurements: The change in viscosity with increasing water content along the dilution line ‘AB’ 

and ‘AC’ is represented in Figure 4b. It could be observed that at lower water content from 10-30 %, higher 

viscosity in the range of 59-47 mPa is obtained and there is not much variation in viscosity of the 

microemulsion samples indicating the presence of w/o microemulsion droplets. The higher viscosity could 

be due to better interaction of Smix with oil phase. However, the viscosity along dilution line ‘AB’ is slightly 

higher than ‘AC’. This could be due to higher surfactant content leading to formation of greater number of 

w/o microemulsion droplets along the dilution line ‘AB’ leading to higher viscosity. With further increase in 

water content from 30-70 %, there is a steady decrease in viscosity of the samples. This is due to the increase 

in size of the droplets and the interaction between the surfactant and oil phase is loaned26. The sharp decrease 

in viscosity above 50 % water content is due to formation of discrete o/w microemulsion droplets. The 

structural variations from w/o – bicontinuous – o/w microemulsion with increase in water content could be 

interpreted by combining EC and viscosity studies.   



Vol. 6, Issue 2, December 2023       Interwoven: An Interdisciplinary Journal of Navrachana University                               103 

 

 

 

 

Copyright © 2023, Navrachana University www.nuv.ac.in 

 

 
 

Figure 4: (a) Variation in electrical conductivity and (b) Changes in viscosity along the dilution line 

‘AC’ (Smix/oil = 8:2) and ‘AB’ (Smix/oil = 9:1) as displayed in Figure 3. 

 

Effect of dilution and Smix/oil ratio: Figure 5a depicts dynamic light scattering (DLS) measurements along 

the dilution line ‘AC’ as marked in Figure 3. This dilution line is selected due to lower viscosity and 

incorporation of lesser surfactant and greater oil. The droplet sizes of all the microemulsion samples 

increased from 5 nm to 32.7 nm. The increase in the droplet size could be due to the incorporation of greater 

amount of water in the core of the reverse micelles with increasing water content along the dilution line. 

Also, it could be observed that there is trivial variation in the droplet size from 30-50 % water content due to 

existence of clustering of reverse micelles with water in its core representing the bicontinuous structure. The 

small droplet sizes led to highly stable microemulsion. Moreover, the PDI values fluctuated in the range of 

0.1-0.7 indicating the uniform distribution of microemulsion droplets leading to greater stability of 

microemulsion32. 

The effect of (Igepal CO-520/carbitol = 1:1) Smix/oil (IPM) is investigated using DLS studies. Figure 5b 

represents Smix/oil in 9:1, 8:2 and 7:3 with fixed amount of water (60 wt%) content. No specific trend is 

observed in the droplet sizes with varying Smix/oil ratio. The smallest droplet size of 11 nm is obtained at 8:2 

ratio. At 9:1 and 7:3 ratios, droplet sizes of 18 nm and 21 nm are obtained respectively. This indicates that 

at fixed water content, the increasing concentration of surfactant did not have effect on the droplet size of the 

microemulsion.  
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Figure 5: (a) Mean particle size of samples along the dilution line AC (shown in Figure 3) from 10−70 

wt% water content, (b) mean particle size of samples at 60 wt% water content for (Igepal CO-

520/carbitol = 1:1) Smix/oil (IPM) in 7:3, 8:2 and 9:1 ratio. 

  

DLS studies are also implemented to comprehend the stability of microemulsions with 70 wt% water along 

the dilution line ‘AC’ and then 500 times, 1000 times and 5000 times dilution with water. It is found that at 

higher dilution values, the size of the droplets increased abruptly >1000 nm for all the samples with 70 wt% 

and 30 wt% water. This study indicated that the microemulsion samples are not very stable at higher dilution 

values.  

Stability measurements Stability of microemulsion plays a vital role for its several applications. Hence, we 

performed thermodynamic, kinetic and storage stability of microemulsions. 

Thermodynamic stability: The thermodynamic stability of microemulsion samples is conducted by placing 

the samples at three different temperatures of 27 °C, 45 °C and 4 °C for 48 h and repeated this cycle thrice. 

If the samples exhibited phase separation or turned turbid, they are considered as unstable formulations. 

Figure 6 represents the thermodynamic stability of microemulsion samples with (Igepal CO-520/carbitol = 

1:1) Smix/oil (IPM) at 8:2 ratios with 10-70 wt% water content as represented on the dilution line “AC”. It is 

clearly seen from the images that all the samples are extremely stable at 27 °C and at 4 °C. However, at 

higher temperature (45 °C), microemulsion sample containing 70 wt% water content exhibited phase 

separation (PS) as indicated in the Figure. This concludes that all other samples are thermodynamically 

stable.  



Vol. 6, Issue 2, December 2023       Interwoven: An Interdisciplinary Journal of Navrachana University                               105 

 

 

 

 

Copyright © 2023, Navrachana University www.nuv.ac.in 

 

 

 

Figure 6: Thermodynamic stability of microemulsions containing (Igepal CO-520/carbitol = 1:1) 

Smix/oil (IPM) at 8:2 with water content from 10−70 wt% at 27 °C, 45 °C and 4 °C. 

 

Storage stability: The microemulsion samples with same composition as mentioned above for 

thermodynamic stability are considered for storage stability. It is observed that all the samples are extremely 

clear and stable without any precipitation or phase separation at ambient temperature for 90 days. The mean 

diameters of droplets measured by DLS altered negligibly after storage of 1 month (figure not shown).  Thus, 

this study is evident for the stability of microemulsion at tested storage conditions. 

Kinetic stability: The kinetic stability of microemulsion samples with same composition as mentioned for 

thermodynamic stability is performed by centrifugation at 2000 RPM for 15 min at ambient temperature (27 

°C). We did not observe any phase separation (visual appearance) or change in the droplet size (DLS) for the 

above samples indicating their stability. 

Encapsulation of Vitamin E (VE) in microemulsion 

In this study, we used the microemulsion system for encapsulation of fat-soluble vitamin E which is a 

powerful biological antioxidant. Poor solubility of vitamin E in water or other inorganic solvents, poor 

stability to oxygen, light, and temperature and low or variable bioavailability limits its usage as functional 

ingredient in food and beverages33. Encapsulation of active agents like vitamins and antioxidants in a 

microemulsion system provides an opportunity for these active ingredients to be incorporated into beverages, 

food, or pharmaceutical products. Encapsulation leads to protection of active ingredients from oxidation 
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resulting in more stable active compounds which could have very prominent application in the food industry. 

Moreover, encapsulation of vitamin E in microemulsion system can offer nano-sized (<100nm) droplets 

causing enhanced stability, transmembrane passage across digestive tract and transdermal drug permeability 

enhancing its bioavailability. It also offers for controlled release and protection to encapsulated vitamin E as 

a delivery system34,35. A simple methodology is employed for the encapsulation of Vitamin E in the 

microemulsion. Primarily, vitamin E is mixed with oil phase (IPM) in various compositions. This mixture is 

then added to Smix (Igepal CO-520/carbitol = 1:1). Then, water is further added to this mixture with 

continuous stirring on vortex at ambient temperature. The selected composition of microemulsion contains 

o\w structure so as to encompass oil soluble vitamin E in oily core of the microemulsion. All the 

microemulsion samples are then light-shielded to prevent the degradation and stored at 27 °C.  

Encapsulation of Vitamin E in microemulsion: Figure 7 represents the UV-visible spectroscopy 

measurements of microemulsion (μE) samples without and with vitamin E to ensure the encapsulation of 

vitamin E in microemulsion droplets. It could be observed from the figure that (i) pure μE sample with 

composition 25 wt% Smix (Igepal CO-520/ carbitol = 1:1), 5 wt% oil (IPM only) and 70 wt% water obtained 

λmax at 290 nm, whereas, (ii) represents μE in the presence of vitamin E with composition 25 wt% Smix (Igepal 

CO-520/carbitol = 1:1), 5 wt% oil (4% IPM + 1% VE) and 70 wt% water obtained λmax at 300 nm. The peak 

obtained at 300 nm is the characteristic peak of vitamin E encapsulated in the microemulsion system. The 

absence of any other peaks indicated that Vitamin E is successfully encapsulated and there is no degradation 

of vitamin E into other oxidized components which otherwise would have given peaks at other wavelengths 

in UV-visible spectroscopy32. The absence of smooth curve in the UV-visible spectroscopy could be due to 

the presence of other components like surfactant and oil in the microemulsion system. 
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Figure 7: UV spectra of (i) Pure μE and (ii) 1% VE in μE with composition 25 wt% Smix (Igepal CO-

520/ carbitol = 1:1), 5 wt% oil and 70 wt% water at 27 °C. 

Effect of surfactant concentration on encapsulation: To explore the effect of surfactant concentration on 

encapsulation of vitamin E, DLS studies are performed for the determination of sizes of encapsulated 

microemulsion samples. Figure 8a depicts the sizes of microemulsion samples with fixed concentration of 

vitamin E in 5 wt% oil (1 wt% vitamin E + 4 wt% IPM) and varying concentration of Smix (Igepal CO-

520/carbitol = 1:1) from 25−85 wt%. It could be observed that droplet size is almost similar in the range of 

6.5−10 nm from 45−85 wt% of Smix concentration representing that Vitamin E has been successfully 

encapsulated in microemulsion droplets of similar size. The slightly higher intensity at 85 wt% Smix 

concentration could be due to the higher number density of microemulsion droplets. At 25 wt% of Smix, the 

droplet size increased to 43.8 nm. This could be due to lower concentration of Smix led to formation of larger 

size of microemulsion droplets where vitamin E is encapsulated. Also, the PDI of microemulsion samples is 

in the range of 0.2−0.4 indicating the uniformity in sizes of microemulsion samples. From these results, we 

could conclude that Vitamin E is successfully encapsulated in microemulsion samples with varying 

concentration of Smix and the lower size of droplets contributed to enhanced stability of vitamin E 

encapsulated microemulsion samples.  
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Effect of Vitamin E concentration: The effect of vitamin E concentration on the size of microemulsion 

samples is also analyzed using DLS technique. Figure 8b represents the size of microemulsion samples with 

fixed concentration of 45 wt% Smix with varying composition (1−4 wt%) of vitamin E in 5 wt% oil. This 

composition was selected due to smaller size of droplets obtained at lower concentration Smix as shown in 

Figure. It is observed from the figure that the droplet sizes are around 8−10 nm for all the microemulsion 

samples with increasing concentration of vitamin E. This indicated the complete encapsulation of vitamin E 

in the microemulsion droplets. This could be due to formation stable o/w microemulsion droplets at a given 

composition which led to complete encapsulation of hydrophobic vitamin E in the core of o/w microemulsion 

droplets. And the PDI of 0.1−0.2 indicated uniformity in the sizes of the encapsulated vitamin E 

microemulsion samples.   

 

Figures 8: Mean particle size of samples containing vitamin E and (Igepal CO-520/carbitol) Smix = 1:1   

(a) Effect of surfactant concentration in microemulsion containing 5 wt% oil (1 wt% vitamin E + 4 

wt% IPM) (b) Effect of vitamin E concentration in microemulsion with composition 5 wt% oil + 45 

wt% Smix. 
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Conclusion 

The novel reverse microemulsion is successfully prepared for the first time with a biocompatible nonionic 

surfactant Igepal CO-520 and nontoxic oils caprylic acid (CA), oleic acid (OA), isoamyl acetate (IAA) and 

isopropyl myristate (IPM). Igepal CO-520 forms clear and stable microemulsion with all the oils. However, 

greater microemulsion area is observed only with IPM in the presence of carbitol as co-surfactant. Electrical 

conductivity and viscosity measurements indicated the transitions from w/o microemulsion to o/w 

microemulsion through a bicontinuous phase with increasing water content. The microemulsion with Igepal 

CO-520 shows excellent wetting and spreading ability along with good thermodynamic, kinetic and storage 

stability. The microemulsions also offers an excellent scope for encapsulation of vitamin E due to the absence 

of charge on the surfactant hydrophilic head group. The results obtained from this research might have 

potential applications in designing microemulsions for cosmetic, food and pharmaceutical applications.  
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Glossary 

 

Surfactant- Surfactants are chemical compounds that decrease the surface tension or interfacial tension 

between two liquids, a liquid and a gas, or a liquid and a solid. 

 

Co-surfactant- A chemical substance that is used (small amount) in addition to a surfactant to improve its 

performance, especially a second surfactant that is used in conjunction with a primary surfactant. 

 

Microemulsion- Microemulsions are clear, thermodynamically stable isotropic liquid mixtures of oil, water 

and surfactant, frequently in combination with a cosurfactant. 

 

Phase Diagram- phase diagram, graph showing the limiting conditions for solid, liquid, and gaseous phases 

of a single substance or of a mixture of substances while undergoing changes in concentration at fixed 

temperature. 

 

Psuedoternary Phase diagram- A pseudoternary phase diagram is a tool that optimizes the three components 

of any typical microemulsion or emulsion, i.e., water, oil, and surfactant, to obtain the concentration range 

of these components, which form a stable emulsion. 
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Nanoparticle- A nanoparticle or ultrafine particle is usually defined as a particle of matter that is between 1 

and 100 nanometres (nm) in diameter. 

 

Microstructures- Microstructure are material structures seen at the micro level. 

 

Thermodynamic Stability- Thermodynamic stability occurs when a system is in its lowest energy state, or 

in chemical equilibrium with its environment. 

 

Vitamin E- Vitamin E is a nutrient that's important to vision, reproduction, and the health of your blood, 

brain and skin. 


