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Synthetic emulsifying agents:

No charge on polar head

Nonionic surtactants -

* Most frequently used of all the surfactants

electrolytes il

.;t_qx - ty Hydrophobic ( lipoph

J\ - Jeladly L,y safety 5
% goe il 3L\ ;\ drugs

» Have a neutral pH and resist the addition of acids and

* Nonionic surfactants are effective over pH range of 3 to 10;
* They are superior in compatibility, gt_ability, and ‘lack of

ilic )
Example: Sorbitan esters (Spans)ngyoxyethylene sorbitan

esters (Tweens) Hydrophilic
—
Divided into:
Those that are more hydrophobic

Those that are more hydrophilic

~OH

HOZ
(&

SPAN 80

-
-
%/\()()(_((l7'l:‘
O

\

)

hydee owebic gB)




Bactericidal agent:

i oo (Lipopolysaccharide ) <M e | xS 4 | oSl (e
e jc.{.l\ Ccomplex L2 cation surfactant Jb ( negative ) il

- Cigky bl g D s i

-

Disadvantage:
Sl ¢ \fj:’ aJl m..ﬁ“ &Y V‘“;\’ Ly e - complex  |oax T 4
Jaxs - S2 LY a0 1S Waseewds, topical osewy Wk

Toxic effects on cells
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~Hydrocolloid emulsifying agents

Source MWL balosse) L}\ Acacia J\ |z

* Mainly they are natural products derived from pla*nt or animal
tissue.

* Most of them form hydrated Iyophilic colloids

(called hydrocolloids) that form multimolecular layers around
emulsion droplets.

* Hydrocolloid type emulsifiers have little or no effect on
interfacial tension i

» They exert a protective colloid effectﬁeducing the potential for
coalescence, by:

- providing a protective sheath around the droplets |,

- imparting a charge to the dispersed droplets (so that they repel
each other) RN \))3\.113, (’Vw dispersion droplets \PIPS ‘.“)a::b

- swelling to increase the viscosity of the system (so that droplets
are less likely to merge) ~

(coalescence )merge I\ -0 s2xd viscosity of medium J\ - 0,76 aolazsly 55 \.(.ﬂ M3 gl

" 2N
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Hydrocolloid emulsifying agents

Figure Z2b: Multimolecular film

\
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Hydrocolloid emulsifying agents

Hydrocolloid emulsifiers may be classified as:
Subject to Natural emulsifying agents

microbial

aowth\. Vegetable derivatives " nautral emulsifying
agents’, e.g., acacia, tragacanth, agar, pectin,
carrageena (i e L

3. Animal derivatives, e.g., gelatin, lanolin,
less subject to cholesterol, lecithin

;“Wtz‘ 2. Semi-synthetic agents, e.g., methylcellulose,
S Carboxymethwce“l“ose—’viscosity enhanced agent Sl |43 0
microbial - 3 - Synthetic agents, e.qg., Carbopols®

growth

N

4 Gelling agent

Y
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Natural Emulsifying Agents:
Vegetable hydrocolloids

» have the advantages of being inexpensive, easy to
handle, and_nontoxic.

—

» Their disadvantages are that they require relatively
~large quantities to be effective as emulsifiers, and
they aregublect to microbial growth-and thus their
formulations require a preservative.

» Vegetable derivatives are generally limited to use as
o/w emulsifiers.

" Form multimolecular film around the droplets

ol
“ 2 Acacia is the most commonly used in
extemporaneous preparations.

Disadvantage 1:

stable emulsion ?'\:Lag.) don duias) 4331 ylie () 4:.{@ o AS Lia) dis 3)53\.{ iy | Sz s Caas s 13

e




Natural Emulsifying Agents:
Animal derivatives

Derivatives of o

Lecithin and cholesterol form a monomolecular Iaﬂé O/W
ly

around the emulsion droplet instead of the typical
multimoleéular layers.

Single layer

wives ofGholesterol Is a major constituent of wool alcohols and it

gives lanolin the capacity to absorb water and form a w/o
emulsion. Structure of cholesterol

Lecithin (a ZQh()sgholigid derived from egg yolk) produces
o/w emulsions because of its strong hydrophilic character.

Animal derivatives are more likely to cause aller ic:]—> —
1sadvantages

reactions and are subject to microbial growth and
rancidity. <. ..t

Their advantage is in their ability to support formation of
w/o emulsions. w/o emulsion j,a;}f option Lf.xaag. 1'\

Ys
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Natural Emulsifying Agents:

Animal derivatives

» Wool alcohols are the principle component
of lanolin

NI N )

» Lanolin is a natural product obtained from the
“*7 fleece of sheep

pan Y= A1

» Sebum is extracted from the wool, cleaned and
refined to produce ¢Anhydrous lanolin |§

-

WLUIE2Us

%,




Natural Emulsifying Agents:
Animal derivatives

~hosp hatidyicholine (lecithin)




Natural Emulsifying Agents:
Animal derivatives

o gelatin.
» This substances produce o/w emulsions.

* The disadvantage of gelatin as an emulsifying
agent is that the emulsions produced from it
are too flud and become more fluid upon
standing

Too fluid = low viscosity

Do ﬂ 5,8 45 A ot dsscal 48 ol 43 viscosity
J\y more and more fluid pa, 36 J& 7\, viscosity s
. breaking Jai :S¢, unstable pa C\ |, emulsion

16/




Semi-synthetic agents

» Semi-synthetic agents are stronger emulsifiers
» are nontoxic,

» and are less subject to microbial growth

/

Cellulose: R=H
Methyl cellulose: R =




A
Synthetic hydrocolloids T

» Are the strongest emulsifiers, g5 S viscosity
» are nontoxic strongest emulsifiers
» and do not support microbial growth.

. e 2\
» However, their cost may be prohibitive”” 4

» These synthetic agents are generally limited to
use as o/w emulsifiers.

General structure of carbopol polymer 0@/




/Finely divided or dispersed solid

particle emulsifiers:

» These agents form a particulate layer around
dispersed particles.

» Most will swell in the dispersion medium to
Increase viscosity and reduce the interaction
between dispersed droplets.

» These agents include bentonite, veegum,
hectorite, magnesium hydroxide, aluminum
hydroxide and magnesium trisilicate.

» Most commonly they support the formation of o/w
emulsions, but some may support w/o emulsions.
)\ elaisl p4 interfacial tension I e & b L) hydrocolloid surfactants J\ 1w Lo yus

Dispersed droplets JI o &Velad) W 5555, / viscosity J| 47 external phase
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Finely divided or dispersed solid

particle emulsifiers:

* These generally form o/w emulsions when the
/lnsgju_e material Is added to the aqueous
° ¥ phase [if|there is a greater volume of the

aqueous phase than that of oleaginous phase.
Vag >V

» If the powdered solid is added to the oil and
the oleaginous phase volume predominates
bentonite is capable of forming w/o emulsions
\A,L< Vain
=—:_-;°/’l éJ_-_" ez Sl e %

° em,{lS.IBinﬁ 053"* ) g
0 )
/
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J6 2 A6 Sl e -4 Head group | &Y (et emulsifying agent - ot ) Al e L

Auxiliary emulsitying agents

cosurfactant \..Mprotective layer \)L.:a“ (.M.L )y Lo

» A variety of fatty acids (e.g., stearic acid), fatty
alcohols (e.qg., stearyl or cetyl alcohol), and fatty
esters (e.g., glyceryl monostearate)

» Serve to stabilize emulsions througﬁ their ability
to thicken the emulsion.— Vet % o s

» Because these agents have only weak
emulsifying properties, they are always use in
combination with other emulsifiers.

/\/\/\/\/\/\N\)\o\*

5,65l o) e 3 Jlse

\_ 5U




Surfactant:

CoSwrfactant:  Ensures flexdlity of ‘nterfacal layer
=> rgduces the inlerfacal lension

Forms the nlerfacal im




Auxiliary emulsifying agents

Emulsifving Aaents

PRODUCT

SOURCE AND COMPOSITION

Cetyl alcohol

Glyceryl monosterate
Methylcellulose

Sodium carboxymethylceliulose
Stearic acid

O\l.ﬂy CisH1yOH
Cy7H 35 COOCH , CHOHCH,OH
Series of methy! ethers of cellulose

Sodium salt of the carboxymethyl esters of
cellulose

A mixture of solid acids from fats, chiefly steariq
and palmitic

 pr—

PRINCIPAL USE

—

Lipophilic thickening agent and stabilizer for

O/ lotions and ocintments

pophilic thickening agent and stabilizer for

O/ lotions and ointments

Hydrophilic thickening agent and stabilizer for
O emulsions, weak O/W emulsifier

Hydrophilic thickening agent and stabilizer for
O emulsions

Lipophilic thickening agent and stabilizer for
O/W lotions and ointments, Forms a true
amulsifier when reacted with an alkali

L

Auxiliary (secondary) emulsifying agents include those compounds
that are normally incapable themselves of forming stable emulsion.

Their main values lies in their ability to function as thickening agents
and thereby help stabilize the emulsion.
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emulsion part 1
emulsion part 2 = Jils 71
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The Hydrophile-Lipophile balance

H I_ B) S Ste 1) emulsifying agent i b

» A system was developed to assist in making
systemic decisions about the amounts and types
of surfactants needed in stable products.

* The system is called the HLE (hydrophile-, _.
jp'
ipophile balance) system and has an:arbitrary
scale of 1 - 20.

» HLB numbers are experimentally determined for
the different emulsifiers
) S *
High HLP (above 9) = Hz:droeﬁilic Sk ﬁ rﬂ HIP number Jb o/w emulsion ,a>\ 54 4
Low HLP ( below 6) = hydrophobic w/o 1 .S\, Hydrophilicy, S, surfactantll 5, o las

L y
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(HLB) System
» |f an emulsifier has a

number, there is a low
number of hydrophilic groups
on the molecule and it will

have |more of a lipophilic
character. s Hydrophobic

For example, the Spans®
(sorbitan esters) generally
have low HLB numbers and
they are also oil soluble.

Because of their oil soluble
character, Spans® will cause
the oil phase to predominate
and form an w/o emulsion.

The Hydrophile-Lipophile balance

\

—> Hydrophobic surfactant ( lipophilic ) : this will
used for making W/O emulsion

iratey (n 10))

olkb Lty i L JULe hydrophilic group

J

2/
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The Hydrophile-Lipophile balance
(HLB) System

Hydrophilic surfactant: this will used for

* Thelhigher HLB numbern would ,,iine 0/W emulsion

iIndicate that the emulsifier has
a large number of hydrophilic i aen
groups on the molecule and : -
therefore should be[more ] 0 O/ﬂ
iH?drgQCaracter. ai[o/\f(’ 0/\}%
The Tweens® (polyoxyethylene ; Y
derivatives of sorbitan esters) Tween* 20 Detergent

have higher HLB numbers and Wek+y+2=2

they are also water soluble. ”=m‘3‘:§?ﬂﬂs

Because of their water soluble P e e
character, Tweens® will cause

the water phase to predominate

and form an o/w emulsion.




L}W\LJJ'\“
» the phase in which o/ w
T4t Hydrophilic
.the emulsifying agent i e
IS more soluble will
become the
continuous or external

6-4)
h a Se Natural emulsifying agent :rW&tef (
p hydrophilic ! hydrophobic |ty S (ﬁm sible

. ablz ( 9-6 ) water dispersible i)
another surfactant ( hydrophobic or hydrophilic)
ey 7\ Jlemulsion | 75 i) o
Hydrophobic
| ‘ (ol soluble)
& emulsion U WLV HLP 3 g0 (18-16 ) & (3-6 ) oy W/O

emulsifying J| £ )16 o O3 Yo Ko o S a
** foaming o C\ )y g (afs effect

N

o b sl Dlg )
Solubiizing agents (15-18

Detergents (13-15)

o/w Emulsifying agents (8-1¢)

Wetting and

w/o Emulsifying agents (3-6)

| Antifoaming agents (2-3)

spreading agents (7-9)

\




. The Hydrophile-Lipophile balance A

(H LB) System calculations ! J}‘{LS“‘V Ly concept | S KA

» Combinations of emulsifiers can produce more
stable emulsions than using a single emulsifier
with the same HLB number. The HLB value of a
combination of emulsifiers can be calculated as

follows:

]
' i ’ 4 $ ¢ 9 J I B $ $ > 9 : = ] s F ' AYE "R ' Yy
: S | P T ' ” " 4 ' 94 1 ; . TE ST, 94 > vy f % | : e o S =3 4 ' ! d O 7t = .
.ﬁ"~;t:. LLLL Y U] y L} AL LLLTLL ) ..'.‘.'..'.-‘ > L4 f AL CAEVLL 1 L ULEriLid y Ul Sl i (FENEFPIN '-,|-',-'--~f' » | CLOLLLTIL &
e - s ’ - ’ .
iLB _ . | |
22122 27 $ $rs P M '3 vy f servms P Prar 40 — -r, PO APRR N | )
QUAUTILILY OF SUT JQCLAENE L " QUWENLiLY OF SUr/jQCiins £

Ao S ‘_;\ %JJ\ @;}J‘u AN Ly DA
( CA»‘J}\ @ g}b \5\.,4 HLB (‘é Dg>g0 0da é\ .)le.» éu\ J}"\;'\ )

emulsifying - J«ﬂ ( combination ) clals b 5 s j§ emulsion !
HLP is the same J\ §} o> jas 2 agent

HLP of single EA = 4

K HLP of two EA = 4 ( more stable ) g/.




emulsion 2>\ (54 )
S gd Bl s
Sl &J = - surfactant

=

> Dk

w/o emulsion &) sy

(oil =soft paratfin )
HLP of SP = 4

23-3 Joid-l

—ll) surfactant s
23-2 Jgdor

ou combination € &)
span 85 & spand0
surfactant  sudes ylie
system Wi’gh HLP =4

o9&\ M- s HLP of system s )
(J5 3 el

Table 232 HLB values for some pharmaceutical
surfactants
Sorbitan trioleate (Span 85) 18 > W/O
Oleic acid 4.3
Sorbitan mono-cleate (Span 80 4.3
: \ ) uil - span 20 Cussel
Sorbitan monostearate (Span 60) 4.7 b
Sorbitan monolaurate (Span 20) 8.6 Lo s« emulsion @J"-"
Polysorbate 80 (polyoxyethylene sorbitan 0}454435‘_9’0 ja:-"““’ﬁ)jit"
monostearate) 149 J , ,}\{,
o]
Polysorbate 80 (polyoxyethylene sorbitan P e
mono-oleate) (Tween 80) 15.0 inversion
Polysorbate 20 (polyoxyethylene sorbitan o
mono-laurate) (Tween 20) 16.7 ofw to w/o Y e
Potassium oleate 20.0 surfactant 4ss Jols J.,a.eY\ &L.gb
Sodium dodecy! (lauryl) sulphate 40.0 stable alb 531 olae (3
h ‘ J\ 75 5 s emulsion
surfactant J\ 75 ,k% emulsion
Table 23.3 Required HLB values for a range of oils
and waxes
For a w/o emulsion For an o/w emulsion
Beeswax i 12
Cetyl alcohol - 15
Liquid paraffin 4 12
Soft paraffin 4 12
Wool fat 8 10 6

S Al 31 JEL 193525 g (50 yagis Vg iy b (3 sy DUl i J) Jad) ol
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» Welting agents are surfactants with HLB values of 7
fo 9. Wetting agents aid in attaining intimate
contact between solid particles and liquids.

o Emulsifying agents are surfactants with HLB values of
4 to 6 or 8 to 18. Emulsifying agents reduce
Interfacial tension between oil and water, minimizing
surface energy through the formation of globules.

o\ke e Detergents are surfactants with HLB values of 13 fo
15. Detergents will reduce the surface tension and
aid in wetting the surface and the dirt. The soil will be
emulsifed, and foaming generally occurs - washing

away of the dirt.
» Solubllizing agents have HLB values of 15 to 20.




o e.q. What is the HLB value of a surfactant system
composed of 20 g Span 20 (HLB = 8.6) and 6 g
Tween 21 (HLB = 13.3)?

HLB= (20q) (8.6) +(5 g) (13.3)
(20g) *+ (5 g)

=954 >/

Wool fat / water
WLUIE2 s o U

S




Methods of emulsion preparation

* Emulsions may be prepared using several methods depending upon
the nature of the emulsion components and the equipment available.

Equipment used
e On small scale: 3o emulsion JI 45

— Dry Wedgwood or porcelain mortar and pestle
— Mechanical blender or mixer

— Milk-shake mixer

— Hand homogenizer

— Bench-type homogenizer

* On large scale
— High speed impeller
— Colloid mill
— Industrial homogenizers 0‘(



(3 J.«..{ 55870 5y 9) Extemporaneous
Extemporaneous preparation of emulsions

* In the small scale preparation of emulsions, three methods

may be used:
mortar and pestle | r.xow»\: o b J;\

Continental (dry gum method) 1 <2 soxs 5\ p EA o

* The emulsifying agent 1s mixed with o1l before the addition
of water.

English (wet gum method) <)) o=y M EA N G

* The emulsifying agent 1s added to the water (in which 1t 1s
soluble) to form a mucilage and then the o1l 1s slowly
incorporated.

Bottle (Forbes bottle method)
Gum = Emulsitying agent

(olghl L{,j emulsion J 75 doaldl ) jam Je o\l Lol dg Joy (om0 3 kel Joum \g3 4 0



Methods of compounding emuilsions:
1..Continental (Dry gum or 4:2:1) Method

The continental method ‘is used to prepare the initial or

primary emulsion from oil, water, and a hydrocolloid or
"gum” type emulsifier (usually acacia).

The ‘primary emulsion, or emulsion nucleus, Is formed
from 4 parts oll, 2 parts water, and 1 part emulsifier, so the

method Is also referred to as the “4:2:1° method.

Some times, the amount of acacia needs to be

adjusted upward to ensure an emulsion can be
produced.

For example: volatile oils, liquid petrolatum and
linseed oils require a “3:2:1 or 2:2:1° ratio for
adequate preparation.

3:2:1 or 2:2:1 b e 4cudlls o)) M6 i B gum N 2.;,\&)'\)34@4 Ol sl jan, 3

4:2:1 is ratio of primary emulsion ”/




Continental (Dry gum) method

Procedure:

* In a perfectly dry Wedgwood or porcelain mortar, the 1 part gum
1s levigated with the 4 parts o1l until the powder 1s thoroughly
wetted; then the 2 parts water are added all at once, and the
mixture 1s vigorously and contmually trlturated until the primary
emulsion formed 1s creamy white and produces a "cracking"
sound as 1t 1s triturated (usually 3-4 minutes).

e Other hquid formulation ingredients that are soluble in the
external phase may be then added to the primary emulsion with
mixing.

» Solid substances (such as preservatives, stabilizers, colorants and
any flavoring material are usually dissolved in water.

1)



) g A;{@w dgy Syl Cidy pdmy mortar and pestle b EA JI las
& )ﬁ) (primary or initial emulsion ) } o 9d Ll 2 =% ) emulsion

w/o

I Je 5 4be gaua (external phase J\ - a3\ Qﬁ ) sl g Cavd) (54 o

primary emulsion
L R AL et ( solid ) 4o d\ge Cavs! (5

(final emulsion ) o/w B s H>-lg 33by clo Cawd! u{" ps

Primary emulsion =

EA 4 sy &gy o additives é\ 59k emulsion J| g»



Methods of compounding emulsions:
2. 'English (Wet Gum) Method

* In this method the order and techniques of mixing are
different.

» The 1 part gum is triturated with 2 parts water to form
a mucilage; then the 4 parts oll is added slowly, In

portions, while triturating.

o After all the oil is added, the mixture is triturated for
several minutes to form the primary emulsion.

» Generally speaking, the English method is more
difficult to perform successfully, especially with more
viscous oils, but may result in a more stable emulsion.

» The ratio of oil: water: emulsifier depend on oil and
emulsifier being used




Methods of compounding emulsions:
3..Bottle (Forbes) Method

» This method may be used to prepare emulsions of
volatile oils, or oleaginous substances of very low
viscosities. It is not suitable for very viscous oils since
they cannot be sufficiently agitated in a bottle. . ., ..,

» This method is a variation of the dry gum method. betde -\ -

» One part powdered acacia (or other gum) is placed in a
dry bottle and four parts oil are added. The bottle is
capped and thoroughly shaken. To this, the required
volume of water is added all at once, and the mixture is
shaken thoroughly until the primary emuilsion forms.

» |t Is important to minimize the initial amount of time the
gum and oil are mixed. The gum will tend to imbibe the
oil, and will become more waterproof.

emulsion I\ 2y o) Zaglie 3 sy Cupl) et Lo gum I i oil Iy gum 1 Lals o5 3t ol oY G lall sl

| t4







