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Water-soluble polymers

These types of polymers are divided to three classes: natural 
polymers, water-soluble and derivatives of synthetic hydrophilic 
and cellulose polymers. 

•	 The polysaccharides which of natural origin called natural 
polymers such as, pectin, acacia, sodium alginate, agar, 
tragacanth, xanthan gum, and, and polypeptides e.g. gelatin 
and casein.

•	 The cellulose derivatives are chemically modified therefore, 
they are considered as semisynthetic products such as 
methylcellulose, sodium carboxymethylcellulose, and 
hydroxyethyl and hydroxypropyl cellulose. 

•	 The synthetic water-soluble polymers include vinyl polymers 
such as polyvinyl alcohol and polyvinylpyrrolidone, 
Carbomer (Carbopol®), which is a copolymer of acrylic acid, 
and polyethylene glycols. 

•	 Water-soluble polymers characterize of forming favor o/w 
emulsions, enhance viscosity, some used as emulsifying 
agents. 

•	 Some of the mentioned water-soluble polymers rely on the 
particular chemical structure of the polymer. 

Anionic soaps and detergents 

Soft soaps

These are salts of fatty acids in which the positive ion is 
univalent, such as Na+, K+, NH4+. The common fatty acids used 
are stearic (C-l8), oleic (C- l8 9cis), palmitic (C-16), and lauric (C-
12). Often the emulsifier is formed at the time of emulsification by 

adding an alkali base (e.g., NaOH, KOH, NH4OH, sodium borate) or 
an organic amine base (e.g., triethanolamine). Soft soaps have the 
following properties: 

•	 They are water soluble and/or water dispersible. 

•	 They usually form o/w emulsions.

•	 On the contrary, the w/o emulsions rose water ointment and 
the cold cream are formed when a solution of sodium borate 
(borax) is added.. 

•	 Soaps with an organic amine as the cation are more 
balanced, less hydrophilic, and form more stable emulsions 
than the alkali soap emulsifiers; emulsions made with alkali 
soap emulsifying agents sometimes require the addition of 
auxiliary emulsifiers for stable emulsions.

•	 Soft soaps give emulsions with a pH in the basic pH range.

The alkali soap emulsions have a pH in the range or 8-10 (6) and 
are most stable above pH 10 (5).

Hard soaps

These are salts of fatty acids salts are formed by the reaction of 
calcium hydroxide in Lime Water with oleic acid found in olive oil 
and certain other fixed oils.

Hard soaps have the following properties: 

•	 They are oil soluble and water insoluble.

•	 Hard soaps form w/o emulsions. 
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•	 Like soft soaps, these are salts of a carboxylic acid (R-COO ¯), 
a weak acid, which gives the weakly dissociated R-COOH form 
upon addition of drugs or other ingredients. 

•	 The R-COO¯ groups of hard soaps may interact with and bind 
high molecular weight cations like benzalkonium chloride.

Detergents

These are salts of phosphates, alkyl sulfates, sulfosuccinates and 
sulfonates. The widely used detergents are docusate sodium and 
sodium lauryl sulfate.

Detergents have the following properties

•	 They are very hydrophilic and are soluble in water. 

•	 Detergents always form o/w emulsions. 

•	 As strong electrolytes, they are more stable to acids, such as 
phenolic compounds and salicylic acid, and are not sensitive 
to high concentrations of electrolytes.

•	 Because their ionic centers strongly repel each other, 
detergents do not form firm, intact barriers. 

•	 These surfactants are most often used in conjunction with 
secondary non-ionic emulsifiers such as cetyl or stearyl 
alcohol. 

•	 Like soaps, detergents are unsuitable for internal use 
emulsions because of their “soapy” taste and laxative action.

Cationic surfactants

•	 They are quaternary ammonium type compounds e.g. 
cetylpyridinium chloride, benzalkonium chloride.. 

•	 They are very hydrophilic and are very soluble in water. 

•	 They are not used as emulsifiers, but are useful as antimicrobial 
agents. 

Finely divided solids

These are usually finely divided hydrophilic inorganic solids. 
When these solids are in a very fine state of subdivision, they tend 
not to be easily wetted by liquids, and they orient at interfaces, 
forming a barrier to coalescence. The most common examples of 
this type include the colloidal clays, bentonite and Veegum, and 
metallic hydroxides, such as magnesium oxide and zinc oxide. 

•	 The finely divided solids are not usually used by themselves, 
but are useful as auxiliary emulsifiers. An exception is the 
Magnesia Magma-Mineral Oil emulsion described below. 

•	 Large quantities of finely divided solids, which are in a 
product formulation for therapeutic purposes, may function 
as emulsifiers if an appropriate order of mixing is used. An 
example is the emulsification of 25% mineral oil with 75% 
magnesia magma (Haley’s M-O®). Here, the finely divided 
magnesium oxide of magnesia magma serves as the sole 
emulsifier agent for the mineral oil. 

•	 Hydrophilic solids favor oil-in-water emulsions and are used 
most often as auxiliary emulsifier for this emulsion type. 
There are, however, examples of hydrophilic solids present 
in water-in-oil formulations. An example is the presence of 
the hydrophilic solids calamine and zinc oxide in Calamine 
Liniment, a w/o emulsion that has calcium oleate as the 
primary emulsifying agent. 

•	 Finely divided hydrophobic solids favor formation of water-
in-oil emulsions. If a large quantity of a hydrophobic solid is 
added to a system with the primary emulsifier favoring an 
oil-in-water emulsion, the final emulsion type is difficult to 
predict. 

An example is the formulation of an oral o/w emulsion of the 
water-insoluble hydrophobic drug, sulfadiazine, with a non-ionic 
emulsifying system that favors an oil-in-water emulsion.

Depending on the exact conditions, the result may be either 
a w/o or an o/w emulsion. Because oil-in-water emulsions 
are preferred for oral products, the formation of a water-in-oil 
emulsion in this case may create a compounding problem.

Natural non-ionic surfactants

These include fatty acid alcohols, such as stearyl alcohol 
and cetyl alcohol, wool fat or wool wax and its derivatives, wool 
alcohols and cholesterol, and derivatives of other natural waxes, 
e.g. spermaceti, synthetic spermaceti and wax. 

•	 These are available as fractions of the natural products or 
their synthetic versions.

•	 Some of the natural waxes, such as wool wax, Lanolin USP 
(wool fat), Hydrous Lanolin (hydrous wool fat) and its 
synthetic version Hydrophilic Petrolatum USP, are complex 
mixtures of oils, waxes, and emulsifiers. The purified 
emulsifying agents in Hydrophilic Petrolatum are the non-
ionic emulsifiers stearyl alcohol and cholesterol. Lanolin 
and Hydrous Lanolin contain mixtures of similar natural 
emulsifiers. 
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•	 Although the purified fractions and their synthetic 
counterparts may be used to produce w/o emulsions, they 
are also commonly used as auxiliary emulsifiers to stabilize 
o/w emulsions when a powerful oil-in-water emulsifying 
agent, such as a detergent, is present as the primary 
emulsifier.

Synthetic non-ionic surfactants

This type of surfactants constitute of complex ester-ethers and 
esters that are derived from fatty acids, polyols, fatty alcohols and 
alkylene oxides 

•	 The part of the hydrophilic molecules consists mainly of 
oxyethylene and free hydroxyl groups. 

•	 The lipophilic part has long chain hydrocarbons of fatty 
acids and fatty alcohol. Although they are given a chemical 
designation based on the primary component, these are 
actually complex mixtures of closely related derivatives. 

For example, sorbitan monooleate, also known as Span 80, is 
a mixture, but the primary component is sorbitan monooleate. 
Polysorbate 80 (Tween 80) is polyoxyethylene 20 sorbitan 
monooleate; the 20 indicates that there are approximately 20 
moles of ethylene oxide for each mole of sorbitol and sorbitol 
anhydride [1-12]. 

Non-ionic surfactants have the following characteristics

•	 They are neutral compounds that are stable over a wide pH 
range. 

•	 They are relatively insensitive to the presence of high 
concentrations of electrolytes. 

•	 They are heat stable. 

•	 Because they do not increase the viscosity of the system, 
emulsions made with these agents may require an auxiliary 
viscosity inducing agent or a somewhat viscous vehicle. 

•	 They are mixed in various proportions to give either w/o 
or o/w emulsions. The appropriate amounts of individual 
emulsifiers needed to form a specific emulsion type can be 
determined using a mathematic system called the HLB system.

Bibliography

1. Ali Heyam Saad., et al. “Formulation and evaluation of 
herbal shampoo from Ziziphus spina-christi leaves extract”. 
International Journal of Research in Ayurveda and Pharmacy 
2.6 (2011): 1802-1806.

2. AH Saad., et al. “Formulation and evaluation of herbal 
handwash from Matricaria chamomilla flowers extracts”. 
International Journal of Research in Ayurveda and Pharmacy 2 
(2011): 1811-1813.

3. Heyam Saad Ali Tasmina., et al. “Design and development of 
permeation enhancer containing self-nanoemulsifying drug 
delivery system (SNEDDS) for ceftriaxone sodium improved 
oral pharmacokinetics”. Journal of Molecular Liquids (2019): 
289. 

4. I Ali., et al. “Preliminary investigation of novel tetra-tailed 
macrocycle amphiphile based nano-vesicles for amphotericin 
B improved oral pharmacokinetics”. Artificial Cells, 
Nanomedicine, and Biotechnology 46.3 (2018): S1204-S1214.

5. M Kawish., et al. “Bactericidal potentials of silver nanoparticles: 
novel aspects against multidrug resistance bacteria”. Metal 
Nanoparticles for Drug Delivery and Diagnostic Applications 
(2020): 175-188.

6. M Imran., et al. “An Effective Anticancer Nano-approach for 
Melanoma and Breast Cancers Using Annona muricate Gold 
Nanoparticles”. Acta Scientific Pharmaceutical Sciences (2021).

7. HS Ali., et al. “Gold nanoparticles in cancer diagnosis and 
therapy”. Metal Nanoparticles for Drug Delivery and Diagnostic 
Applications, 43-58.

8. I Ali., et al. “Synthesis and Characterization of Sulfanilamide-
Based Nonionic Surfactants and Evaluation of Their Nano-
Vesicular Drug Loading Application”. Journal of Surfactants 
and Detergents 23.5 (2020): 973-980.

9. HS Ali., et al. “Approaches to Enhance Dissolution In 
Pharmaceutical Technologies”. American Journal of Pharmacy 
and Health Research 5.1 1-15.

10. GME Hussein., et al. “Characterization of Drug Delivery 
Particles in Pharmaceutical Disperse Systems: A Review”. 
Systematic Reviews in Pharmacy 12.11 (2021): 3553-3562.

11. Heyam Saad Ali. “A Comprehensive Review in Parenteral 
Formulations”. Acta Scientific Pharmaceutical Sciences 4.7 
(2020): 31-44.

12. HS ALI., et al. “Quality Control Tests Index and Packaging 
Evaluation”. American Journal of Pharmtech Research 7.1 
(2022): 635-642.

03

Surfactants and Emulsifying Agents: The Main Classification and Characteristics

Citation: Heyam Saad Ali and Noon Abubakr A Kamil. “Surfactants and Emulsifying Agents: The Main Classification and Characteristics". Acta Scientific 
Pharmaceutical Sciences 7.3 (2023): 01-03.

https://www.researchgate.net/publication/232957615_Formulation_and_evaluation_of_herbal_shampoo_from_Ziziphus_spina_leaves_extract
https://www.researchgate.net/publication/232957615_Formulation_and_evaluation_of_herbal_shampoo_from_Ziziphus_spina_leaves_extract
https://www.researchgate.net/publication/232957615_Formulation_and_evaluation_of_herbal_shampoo_from_Ziziphus_spina_leaves_extract
https://www.researchgate.net/publication/232957615_Formulation_and_evaluation_of_herbal_shampoo_from_Ziziphus_spina_leaves_extract
https://www.researchgate.net/publication/232957612_FORMULATION_AND_EVALUATION_OF_HERBAL_HAND_WASH_FROM_MATRICARIA_CHAMOMILLA_FLOWERS_EXTRACTS
https://www.researchgate.net/publication/232957612_FORMULATION_AND_EVALUATION_OF_HERBAL_HAND_WASH_FROM_MATRICARIA_CHAMOMILLA_FLOWERS_EXTRACTS
https://www.researchgate.net/publication/232957612_FORMULATION_AND_EVALUATION_OF_HERBAL_HAND_WASH_FROM_MATRICARIA_CHAMOMILLA_FLOWERS_EXTRACTS
https://www.researchgate.net/publication/232957612_FORMULATION_AND_EVALUATION_OF_HERBAL_HAND_WASH_FROM_MATRICARIA_CHAMOMILLA_FLOWERS_EXTRACTS
https://www.sciencedirect.com/science/article/abs/pii/S0167732219300728
https://www.sciencedirect.com/science/article/abs/pii/S0167732219300728
https://www.sciencedirect.com/science/article/abs/pii/S0167732219300728
https://www.sciencedirect.com/science/article/abs/pii/S0167732219300728
https://www.sciencedirect.com/science/article/abs/pii/S0167732219300728
https://pubmed.ncbi.nlm.nih.gov/30453792/
https://pubmed.ncbi.nlm.nih.gov/30453792/
https://pubmed.ncbi.nlm.nih.gov/30453792/
https://pubmed.ncbi.nlm.nih.gov/30453792/
https://www.sciencedirect.com/science/article/pii/B9780128169605000100
https://www.sciencedirect.com/science/article/pii/B9780128169605000100
https://www.sciencedirect.com/science/article/pii/B9780128169605000100
https://www.sciencedirect.com/science/article/pii/B9780128169605000100
https://www.actascientific.com/ASPS/pdf/ASPS-05-0782.pdf
https://www.actascientific.com/ASPS/pdf/ASPS-05-0782.pdf
https://www.actascientific.com/ASPS/pdf/ASPS-05-0782.pdf
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1002/jsde.12413
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1002/jsde.12413
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1002/jsde.12413
https://aocs.onlinelibrary.wiley.com/doi/abs/10.1002/jsde.12413
https://www.sysrevpharm.org/articles/characterization-of-drug-delivery-particles-in-pharmaceutical-disperse-systems-a-review.pdf
https://www.sysrevpharm.org/articles/characterization-of-drug-delivery-particles-in-pharmaceutical-disperse-systems-a-review.pdf
https://www.sysrevpharm.org/articles/characterization-of-drug-delivery-particles-in-pharmaceutical-disperse-systems-a-review.pdf
https://www.actascientific.com/ASPS/pdf/ASPS-04-0554.pdf
https://www.actascientific.com/ASPS/pdf/ASPS-04-0554.pdf
https://www.actascientific.com/ASPS/pdf/ASPS-04-0554.pdf

	_GoBack

